M XED SOLVENT SYSTEMS FOR DEPGCSI TI ON OF ORGANI C SEM CONDUCTORS Rel at ed
Applications This application clains priority to U S. Provisional Patent
Appl i cat iwo 2biw/1568060595 filed on 11 June 2008, the comrcentssoof4sstii ch are
i ncorporated herein by reference. Background Traditionally, inorganic
materi al s have dom nated the sem conductor industry. For exanple, silicon
and gal lium arseni de have been used as sem conductor materials, silicon

di oxi de has beeMIXEEHSQEVEANT SINTHEMS FRROEBOSIEIQN Qff QRGANEG as al unmi num
and copper have been used as el SEMHGEENDREFOBBs. I n recent years, however,
t here has been an increasing research effort ained at using organic
materials rather than the traditional ingrganic materials in sem conductor
devi ces. Anobng ot her benefits, 1 ic materials nmay enable
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and sensorfs. A variety of organic sem conductor materials have been
consi der é8I°T"Y€ nost conmon being fused aromatic ring conpounds as
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have been used as electrode materials. In recent years, however, there has been an
increasing research effort aimed at using organic materials rather than the traditional
15 inorganic materials in semiconductor devices. Among other benefits, the use of organic
materials may enable lower cost manufacturing of electronic devices, may enable large
arca applications, and may enable the use of flexible substrates as supports for electronic
circuitry in display backplanes, integrated circuits RFID tags, and sensors.
A variety of organic semiconductor materials have been considered, the most
20 common being fused aromatic ring compounds as exemplified by acenes. At least some of
these organic semiconductor materials have performance characteristics such as charge-
carrier mobility, on/off current ratios, and sub-threshold voltages that are comparable or
superior to those of amorphous silicon-based devices. Typically, these materials have
been vapor deposited since they are not very soluble in most organic solvents. When
25 organic semiconductors have been deposited from solution (such as a solution of the

organic semiconductor dissolved in an organic solvent), good or optimum performance

characteristics have been difficult to achieve.

Summary

30 There is a need for compositions that contain an organic semiconductor material
dissolved in organic solvents for use in the preparation of semiconductor devices such as,

for example, thin film transistors. There is a need for such compositions to provide



Summary There is a need for conpositions that contain an organic

sem conductor material dissolved in organic solvents for use in the
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transistors. There is a need for such conpositions to provi desem conduct or
devi ces havi ng performance characteristics (such as high saturation field
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second asnﬁhém@ﬁmcoﬁm@som®@mnmauarOV|ded that includes (a) a solvent
m xture and (b) an organi c sem conductor dissolved in the solvent m xture.

The solvent m xture contains (i) an a haV|ng 6 to 16 carbon atons
present in an anmpunt in a range ofR* wei ght percent based on a wei ght
of thhe solvent mxture and (ii) an ar i c compound of Formula (l) present

in an anount in a range of 80 to 99 mehght percent based on the wei ght of
the solvent mxture. (1)

In Formula (1), the group R" is an alkyl, a heteroalkyl, an alkoxy, a heteroalkoxy, or a
fused 5 or 6 member ring. Each group R is independently selected from an alkyl, an
alkoxy, or a halo. The variable n is an integer in the range of 0 to 5. The amount of the

15 organic semiconductor material dissolved in the solvent mixture is equal to at least 0.1
weight percent based on a total weight of the composition.

In a second aspect, a composition is provided that includes (a) a solvent mixture
and (b) an organic semiconductor dissolved in the solvent mixture. The solvent mixture
contains (i) an alkane having 6 to 16 carbon atoms present in an amount in a range of 1 to

20 20 weight percent based on a weight of the solvent mixture and (ii) an aromatic compound

of Formula (I) present in an amount in a range of 80 to 99 weight percent based on the

"
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@
25 In Formula (1), the group R" is an alkyl, a heteroalkyl, an alkoxy, a heteroalkoxy, or a

weight of the solvent mixture.

fused 5 or 6 member ring. Each group R is independently selected from an alkyl, an
alkoxy, or a halo. The variable n is an integer in the range of 0 to 5. The semiconductor

material is of Formula (II).



In Fornmula (1), the group Ra is an al kyl, a heteroal kyl, an al koxy, a

het er oal koxy, or a fused 5 or 6 nenber ring. Each group Rb is independently
sel ect ed woamarsieBkyl , an al koxy, or a hal o. The vari alpCe/us2009/083571 nt eger
in the range of 0 to 5. The sem conductor material is of Fornmula (I1).1ln
Formula (I1), each Rc is independently selected froman unsubstituted or
substituted al kyl, an unsubstituted or substituted heteroal kyl, an
unsubstituted or substit uted al kenyl , & unsubstltuted or substituted aryl,
an unsubstituted or substituted heteromh a ferrocenyl, or a silyl group
of fornmula -Si(Rd)3. Each Rd isyindepe ently gel ect ed fron1hydrogen an
unsubstituted or substituted alkyl, an unsubstltut d or substituted

het er oal kyl , an unsubst it ut® SR - ety , an unsubstituted or
substituted al kynyl, a substi led aryl, an unsubstituted
or substituted heteroaryl, R ubstituents for an al kyl or
het eroal kyl include an aryl, h hal o, ycyano, hydroxyl, or carboxyl
group (i.e., -COOH). Suitable substitUuhts for al kenyl or aIkynyI i ncl ude
an al koxy, aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl group.

Sui tabl e substituents for an aryl or hé%eroaryl i ncl ude an al kyl, al koxy,
het er oal kyl, hal o, cyano, hydroxyl, -%ﬁH or carboxyl group. Each X is
|ndependently sel ected fron1hydrogen Qlo al kyl, al koxy, aryl,
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sem conduct or mate di sso d in"the solvent mxture s equal to at
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The solvent m xture contains (1) an al Kane having 6 carbon atons

present ihydergeaymunmtsubstiteted alnsy@smme]i allgyl 20 umulgimltutpxbowh‘stltbaded on a wei ght
xture. and Formula (l) present
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the sol veityiN 4t dib&ithted or unsubstituted aryl, an unsubstituted or substituted heteroaryl, or
10 acetyl. Suitable substituents for an alkyl or heteroalkyl include an aryl, heteroaryl, halo,
cyano, hydroxyl, or carboxyl group (i.e., -COOH). Suitable substituents for alkenyl or
alkynyl include an alkoxy, aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl group.
Suitable substituents for an aryl or heteroaryl include an alkyl, alkoxy, heteroalkyl, halo,
cyano, hydroxyl, -SeH, or carboxyl group. Each X is independently selected from
15 hydrogen, halo, alkyl, alkoxy, aryl, heteroaryl, alkenyl, cyano, or heteroalkyl. The amount
of the organic semiconductor material dissolved in the solvent mixture is equal to at least
0.1 weight percent based on a total weight of the composition.
In a third aspect, a method of making a semiconductor device is provided. The
method includes providing a composition that contains (a) a solvent mixture and (b) an
20 organic semiconductor material dissolved in the solvent mixture. The solvent mixture
contains (i) an alkane having 6 to 16 carbon atoms present in an amount in a range of 1 to
20 weight percent based on a weight of the solvent mixture and (ii) an aromatic compound
of Formula (I) present in an amount in a range of 80 to 99 weight percent based on the

weight of the solvent mixture.



In Fornmula (1), the group Ra is an al kyl, a heteroal kyl, an al koxy, a

het er oal koxy, or a fused 5 to 6 nenber ring. Each group Rb is independently
sel ect ed woamarsieBkyl , an al koxy, or a hal o. The vari alpCe/us2009/083571 nt eger
in the range of 0 to 5. The anmount of the organic sem conductor materi al

di ssolved in the solvent mxture is equal to at |least 0.1 weight percent
based on a total weight of the conposition. The nethod further includes
deposi ting the conposition adjacent t gBhducti ve material or adj acent to
a dielectric material to forma d&o @ | ayer and then renoving at | east
80 wei ght percent of the solvent mxture’fromthe deposited |ayer to forma
sem conduct or | ayer. Brief Descriptionggf the Drawi ngs The invention may be
nore conpl etely understood in consideration of the foll ow ng detail ed
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Description In several places throughout the application, guidance is
provi ded through |ists of

Brief Description of the Drawings

The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with
15 the accompanying drawings, in which:
Figure 1 is an exemplary print pattern for using the semiconductor composition.
Figure 2 is an optical micrograph of a semiconductor deposit formed using a
semiconductor composition containing only anisole as the solvent.
Figure 3 is an optical micrograph of a semiconductor deposited formed using a
20 semiconductor composition containing a mixture of anisole and decane as the solvent.
While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit the
invention to the particular embodiments described. On the contrary, the intention is to
25 cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.

Detailed Description

In several places throughout the application, guidance is provided through lists of

30 examples, which examples can be used in various combinations. In each instance, the



exanpl es, which exanpl es can be used in various conbinations. In each
instance, therecited list serves only as a representative group and should
not be i nwerpretserysas an exclusive list. Any recitationPoffi/usaemefoussal ranges
by endpoints includes all nunbers subsuned within that range (e.g., 1 to 5
includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.). The ternms "a," "an," "the,"
"at least one," and "one or nore" are used interchangeably. Thus, for
exanpl e, regiteddisiprsvesdPndy abroptdsantptive gravp ped sheuld ot be drferpectelbaa one or

nor e" coqggﬂggélgg Formula (I). The conpositions described herein can be
used to formsem conductor |ayers using printing or coating techniques
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are known for deposition of sem conductors froma solution or dispersion,
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organi ¢ sem condu di ssolved in organic s to a substrate and
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deposi t . TVe onaPT BRFR sompeBrdrRittormpiaybr s are needed. The conpositi ons
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t hose previously us orm ng sem conductor Tayers. re speci
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sem conductors with a cristalline mor.phol ogy that affords better electrical
propdrt i S8MEFEMPALtiPRLIg kBPWR EQT deppiifion 9f scaHcandusfors from asaliéipaebrs. A

conpositi i i t -' ty Xt L n b) an
organ; ¢ ShehTabt Rt O e d A LR ARt ok B ARl ) Tt ure
cont ai ns dxampRnwabk atkget paivitingh& Yeon hifedtardebneratsofmioand af brgan&n ar omati c
conpound of  Formul a In Formula (1) Ra is an alkyl, a

(). () , .the group
het er oal ksgqm,lcogﬁugpq(@ﬁ%p, Veé Ipap @Fgﬁl&}CkS@W,nt ©rd s&lbstrate and the solvent has been

removed by evaporation, the concentration of the semiconductor material tends to be
15 highest near the periphery of the deposit. More uniform semiconductor layers are needed.
The compositions disclosed herein can often form more uniform semiconductor layers
than those previously used for forming semiconductor layers. More specifically, the
compositions disclosed herein tend to result in the deposition of semiconductors with a
crystalline morphology that affords better electrical properties such as field effect mobility
20 for thin film transistors.
A composition is provided that includes (a) a solvent mixture and (b) an organic
semiconductor dissolved in the solvent mixture. The solvent mixture contains (i) an

alkane having 6 to 16 carbon atoms and (ii) an aromatic compound of Formula (I).

"
R

25 q))
In Formula (1), the group R" is an alkyl, a heteroalkyl, an alkoxy, a heteroalkoxy, or a
fused 5 to 6 member ring. Each group R” is independently selected from an alkyl, an
alkoxy, or a halo. The variable n is an integer in the range of 0 to 5. The solvent mixture
can include more than one alkane, more than one aromatic compound of Formula (1), or

30 more than one alkane as well as more than one aromatic compound of Formula (I).



fused 5 to 6 nenber ring. Each group Rb is independently selected from an
al kyl, an al koxy, or a halo. The variable n is an integer in the range of 0O
to 5. Theweabaersto7ai xt ure can i nclude nore than one al ka&og/USpewa@4ishan one
aromati c conmpound of Forrmula (1), or nore than one al kane as well as nore

t han one aromati c conpound of Forrmula (I).ln some enbodi nents of Formul a
(I'), Rais an alkyl group having at |least 1 carbon atom The al kyl group
often has at |Iéégmezn@adwtsalf&g%mu@t(l)|, Basstanzillod epom hevinesit lesst hearbemst 4
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npentyl, darﬁmmydms Z-tbﬁmfboncay@h@grtomdarbomamdrﬁ@mylcarboy lago@e Mthel alkyl
cyl cohexyl, and cyclohexylneth | ene. I n other enbodi nents of Fornula (1),

Ra is a HBPW ¢l belincas m@Ch%Mmjwa@r 3 eyshingtiqhpisal. aN@hﬂmltFF%eW&il kyl
Petor ont oAl g s il BT BRLATHIPIABER h), ROLROL L BERLYARBER,

many errbqﬁntmrﬁ Bexyl,IPBhdxgl, ex clap@pyl, sycobwxly cacopuptylj cyécohekylgardiet er oal kyl is

an et her or gr yet her group). The heteroal kyl group can be linear,
braHEhed‘WEV’F?ﬂnm%wfﬁﬁconblnatlon t hereof. The heteroal kyl often has at

| east 3 oar Dory 3R bd Henl & ¥ouBANDRN R, TG B BLOA il 8t en has

up to 10 carbon atons atons, or n atons and up
to 6 het eadanhetmEns. Uphd lmt&oﬂkplegroap bavsat l@st aife He&rélathtﬁttetmhm cafbon exanpl e,
t he heteroalkyl can have 2 to 10 carbon atons and 1 to 5 heteroatons 3to

10 car borttppth él%ﬁdheier%togl l?ﬁéttgeffe&caftdoff@n an oxy (1) chiPKoh)- A oh¥l-gherrt o 5
het er oat y. émt erﬁ?‘rtf?éjﬂet@ﬁog 03(%% % (b@t ﬁfe%{e%ﬁkyl%s %@ﬁtﬁerc(ﬁ'r bon
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thereof. The heteroalkyl often has at least 3 carbon atoms or at least 4 carbon atoms. The
heteroalkyl often has up to 10 carbon atoms, up to 8 carbon atoms, or up to 6 carbon atoms
and up to 6 heteroatoms, up to 5 heteroatoms, or up to 4 heteroatoms. For example, the
heteroalkyl can have 2 to 10 carbon atoms and 1 to 5 heteroatoms, 3 to 10 carbon atoms
20 and 1 to 5 heterotatoms, 4 to 10 carbon atoms and 1 to 5 heteroatoms, 2 to 8 carbon atoms
and 1 to 4 heteroatoms, 2 to 6 carbon atoms and 1 to 3 heteroatoms, 3 to 6 carbon atoms
and 1 to 3 heteroatoms, 3 to 5 carbon atoms and 1 to 2 heteroatoms, or 4 carbon atoms and
1 to two heteroatoms. Non-limiting examples of heteroalkyl groups include
methoxymethylene
25 (CH30CHj3-), ethoxymethylene (CH3CH,OCH;-), methoxyethylene (CH;OCH,CH,-), and
ethoxyethylene (CH;CH,OCH,CH,-).

In still other embodiments of Formula (I), R* is an alkoxy group (i.e., a group of
formula —OR where R is an alkyl) having at least 1 carbon atom. For example, the alkoxy
group can have at least 2 carbon atoms, at least 3 carbon atoms, or at least 4 carbon atoms.

30 The alkoxy group often has up to 10 carbon atoms, up to 8 carbon atoms, or up to 6 carbon
atoms. For example, the alkoxy group can have 1 to 10 carbon atoms, 2 to 10 carbon

atoms, 1 to & carbon atoms, 2 to 8 carbon atoms, 1 to 6 carbon atoms, 2 to 6 carbon atoms,
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1 to two heteroatons. Non-limting exanples of heteroal kyl groups include
nmet hoxynmet hyl ene (CH3OCH2-), ethoxynethyl ene (CH3CH2OCH2-), net hoxyet hyl ene
( CH3OCH2GMR-2pg9/mmay8 et hoxyet hyl ene ( CH3CH2OCH2CH2-) . | n ®CIrIuS2@dioess71

enbodi ments of Formula (1), Ra is an al koxy group (i.e., a group of fornula
-OR where Ris an alkyl) having at |least 1 carbon atom For exanple, the

al koxy group can have at |east 2 carbon atons, at |east 3 carbon atons, or
at | east Qtlctaﬂtf@rboata@ms Tirealkpqoosepupy eeule I@fqaérbrmhedmym ®Dacar bon at ons,
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gr oup can Car on car bon
at ons, 2@@@;%@@1Mmm 1 to 6 carbon atons, 2tchmbm1Mom;m 1
to 4 carbon atons. The aIkoEéCgroup can be Ilnear branched, cyclic, or a

conbi nat | (EA:ERePDoh-Praaayi(E bGeldxQ) gpeniproXyH€¢ HedeC HOk ndiuéoxyot | ni t ed

oty LBt HB R B O SRETECHI0R AREKY oL I SERECER desplidepr oPox
tert- buththIgfﬁqGHQK»)nagmﬂhyqoxgcHQHHQHHQH&£H$hﬁh¢qmy pent oxy
(CH3CH2CH2CH2CH203:H n- hexoxy (CH 3CH2CH2CH2CH2CH2O- ), 1 sopento

((O13) 2CHERBETROH ATy TEToRE (O} CITARIC By ondsgfenern 1 By
CeH CH O b het | k
Ei. n- Ind d l%%%ylﬁfehﬁﬂen%@p%ﬂagbﬁt i&a can be any heteroal koxy group

e., grou or mu a heteroal kyl). The heteroal koxy
group has at llegst othaechigidan ods, R dar baaen héte@atkak P groupt(Depa g offiet er oat om
can_be an_  oxy group, thio group, or -NHgroup. In many enbodi nents, the
het & oat drim&aan oxy group. The heteroalkoxy group can be linear, branched,

crcli: DS R S A00clE oo TR CCA S Rt e,
4 car bon tetvoees, tworcagionlagasd. Thaﬁw&unumMamnbeaﬁ@nﬁghﬁ@emmaghapyngmﬁmps have
up to 10 g(%gilipbol?l n?én(gl embodiments, the heteroatom is an oxy group. The heteroalkoxy group
can be linear, branched, cyclic, or a combination thereof. The heteroalkyloxy has at least
15 two carbon atoms. The heteroalkoxy often has at least 3 carbon atoms, at least 4 carbon
atoms, or at least 5 carbon atoms. Some heteroalkoxy groups have up to 10 carbon atoms,
up to 8 carbon atoms, or up to 6 carbon atoms. More specifically, the heteroalkoxy group
can have 2 to 10 carbon atoms and 2 to 5 heteroatoms, 2 to 8 carbon atoms and 2 to 4
heteroatoms, 2 to 6 carbon atoms and 2 to 3 heteroatoms, or 3 to 6 carbon atoms and 2 to 3
20 heteroatoms. Non-limiting examples of heteroalkoxy groups include (CH;OCH;0-),
(CH3CH,0CH,0-), (CH30CH,CH;0-), and (CH3CH,OCH,CH,0-).

In still other embodiments, R* can be a fused 5 to 6 member ring. That is, R" is a
ring fused to the benzene ring of Formula (I). The fused ring can be carbocylic or can
include a heteroatom selected from an oxy, thio, or -NH- group. The ring structure can be

25 saturated or unsaturated. Exemplary aromatic compounds with a fused ring structure
include, but are not limited to, benzofuran, 2,3-dihydrobenzofuran, and
tetrahydronaphthalene.

In Formula (I), n is an integer of 0 to 5. In some embodiments, n is zero. If n is
greater than zero, R® is independently selected from a halo group (e.g., chloro, bromo,

30 fluoro, or iodo), an alkyl, or an alkoxy. Suitable alkyl groups for R” often have 1 to 4
carbon atoms. Exemplary alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, and isobutyl. Suitable alkoxy groups for R® often have 1 to 4 carbon

-7-



up to 8 carbon atons, or up to 6 carbon atons. Mre specifically, the

het er oal koxy group can have 2 to 10 carbon atons and 2 to 5 heteroatons, 2
to 8 carbwoat9rss97and 2 to 4 heteroatons, 2 to 6 carbonprararsgooess21to 3
het eroatons, or 3 to 6 carbon atons and 2 to 3 heteroatons. Non-limting
exanpl es of heteroal koxy groups include (CH3OCCH2O ), (CH3CH20CH20O ),
(CH3OCH2CH2O- ), and (CH3CH2OCH2CH2O-). In still other enbodi nents, Ra can
be a f usedoms. tFxcEmpHeyBlkexy 2ioyps Mghdeimethqy, phoxy. mFIP9S EEPIROXHa-benzene
ring of kot Th in n.be carbocylic or can include a
heteroatog%s Fecﬁu%x¥segbu%§§qmd 'gb%% r -NH group. The ring structure
can be satur atiadome eﬂibsawnastcﬁwonﬁmr(p)l BRI} ametieky groﬁ?mh@lﬂﬂﬁss with a fused
ring structure include, but are not limted to, benzofuran

2, 3-di hydn@qpéacif‘élﬁlmaéwlo ERED teeme b EToBAs BRthefegroun, r@nﬁéherftﬂr@bkeln)ls Oplis an
i nt eger O t han
zero§J Rb |r52 |Hr?1 (21168% @ﬁ‘} n& %dﬁaicrcoonq&gh dﬁgﬁgl}rﬁdl; (I?ls S%leg{ea%{ogllr;o br ono,
fl uoro, ca"msoﬁgla)metaﬂaﬂlh&ﬂy,l -n&thyaamwlégawethﬁahisalbl E3ajulnyﬂhygmu&$ 2fior Rb
often have 1 to 4 carbon atons. QPIar al kyl %roups i ncl.ude nethyl

et hyl, n-$msihyl anl$ge@§r56bmethy+ﬁnbi9iey|2 digthyilanyiole, Sed-dimsthyanisddpd - 3-sobut 1 .

Sui tabl e gl kg o RUBSHI RIS AL DR GIL 4 GudoRAtARnaROTs. Exenpl ary

al koxy groups-include nethoxy, Y, OpOXy, | Sopropoxy, nbutoxy,

i sobut oxyimstoxyhenacne, Iaseme paﬂtl—cblut émyodlﬂleﬁt@mhe arcpadicrenipsund offfesrmula (1),
Rais a nethoxy group each is independently a halo ro%p a net hyl

gr olp, t.’héugﬂmﬁ%r qpRodineta heargniagc gompou ormplad Hrig

enbodi e tic conpound of Fornula (1) is selected from anisole,
2- nethylgafgn%gﬁwg&%gghylanlsole 4- et hyl ani sol e, 2, 3-di net hyl ani sol e,

2, 4- di et hyl dniostad embddiredisdtHoyiani(BpReis &, ableyd |grc&tph§hleaaarlslﬁiba is equal

3, 4-di net hyl ani sol e, 3, 5- .di net hyl ani sol e, 2-chl or oani sol e,
3" chl or 0dADs b 2, andeach Rodningspeaidentha halp Sronpa M8 BEWPee? MEHOSH e

R R S e R S B e

15 butylbenzene, tert-butylbenzene, isobutylbenzene, isopropyltoluene, n-propylbenzene,

>

isopropylbenzene (cumene), and mesitylene. In some particular embodiments, the
aromatic compound of Formula (I) is n-butylbenzene.
In addition to the aromatic compound of Formula (I), the solvent mixture includes
at least one¢ alkane. Some solvent mixtures include more than one alkane. The alkane can
20 be linear, branched, cyclic, or a combination thereof. Suitable alkanes often have 6 to 16
carbon atoms. The alkane often has at least 8 carbon atoms, at least 9 carbon atoms, or at
least 10 carbon atoms. The alkane often has no greater than 14 carbon atoms or no greater
than 12 carbon atoms. In some embodiment, the alkane has 6 to 14 carbon atoms, § to 14
carbon atoms, 10 to 14 carbon atoms, 9 to 13 carbon atoms, 8 to 12 carbon atoms, or 10 to
25 12 carbon atoms. Non-limiting examples of alkanes include octane, iso-octane,
cyclooctane, nonane, 2-methyloctane, 3-methyloctane, decane, 2-methylnonane, 3-
methylnonane, 4-methylnonane, undecane, 2-methyldecane, 4-methyldecane, 5-
methyldecane, dodecane, 2-methylundecane, tridecane, 3-methyldodecane, tetradecane,
pentadecane, and hexadecane. In some embodiments, the alkane includes decane,
30 undecane, dodecane, or mixtures thereof.
In some exemplary solvent mixtures, the aromatic compound of Formula (1) is

selected from anisole, 3,5-dimethylanisole, n-butylbenzene, or a mixture thereof and the
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3, 5-di net hyl ani sole. In other enbodinents of Fornula (1), Ra is an al kyl
group, the variable nis equal to 0, 1, or 2, and each Rb is independently
a hal o grwopoosasme8hyl group, or a methoxy group. For eramuisegooiss7conpound
of Fornmula (1) is selected from n-butyl benzene, secbutyl benzene, r

- butyl benzene, isobutyl benzene, isopropyltol uene, n-propyl benzene,

i sopropyl benzene (cunene), and nesitylene. In some particul ar enbodi nents,

t he ar ometkasc dovgirstasdron drenmumglegane, dedegansy, pymbdpes Hsreofn Se@dindren to t he
aromatic f_-Eor mul - ty 47 [ t.least one
al kane. §§%§B§g ggﬁ{mﬁﬁQ%ﬁngQ%%%Wﬁggn%@%éggﬁé%h%%%ﬁ§Wk§%%ggiﬁgﬁQWEﬁne can

be | i nearn-biyweehed and ¥edane, n-biity behb iand thddaiid) ah & afbutyBodnzald #hdal kanes
often have 6 to 16 carbon atons. The al kane often has at | east 8 carbon
at ons, atdodees®e. 9 car bon atons, or at |least 10 carbon atons. The al kane

oftep has no o .pon
ators. In some BaBnar R LRI B TR gl e RN of UG BRIBET,
car bon ate@sl6 chebdnautdris et $O1d WEOEEht Rrdedt dBthe arddguticabapdundof RoridlLar bon
atons, or 10 to 12 carbon atonms. Non-limting exanpl es of al kanes incl ude

oct ane, i(®dased ahbic Wt obEicarbenhwivdwe, For prnmle.cbe spleent MikwEheAoct ane,
decane, 'ﬁﬁﬁaé‘}'kd‘i’%@%} @e—rcéﬁ?top NA0ARGn gs %é@We%@E@%@ent%?ﬂ%%?&ﬁaﬁc

2- met hyl decane, 4-net ecane, 5- nethyl decane, ane,
2- met hyl wodgoaneef Fernaec@dnd, to 32 vadightlpdadecsitke alkeis adesan®9 weglitadecane,
and hexadecane. | n sone enbodi ments, the al kane includes decane, undecane,

dod ane Pesrenhofithe pranatisepmppund of Kasmulaths dip AP yveight peicentatthqplkanc ande
; f N \ '
aromati ¢ mpg%%@%@peﬁ%w;ﬁ%éﬂo}mhé cSib&gtes ﬁoh%giata(mg% gfo weight perc

3, 5-di net'hyl ani sofe enzene, of a m xtur ea?ﬁane IS
sel ect ed dfitigmlkdacand, 90uo ¢ ealight pdedeadiie; aromatit xérip@mdtdidioanitla (Bpdneo nor e

specific solvent m xtures jnclude ani sol e and decape, 3,5-dinethyl anj sol e

and dodec@nicightnsigept s alkanapnd Yhoakteveighinsrsabehize AL maiy conpebihe! and
n-butyl begrzane @ dr &j%i@%fg%t percent of the alkane and 92 to 96 weight percent of the

15 aromatic compound of Formula (I).

Some exemplary solvent mixtures include 1 to 12 weight percent decane,
undecane, dodecane, or a mixture thercof and 88 to 99 weight percent anisole, 3,5-
dimethylanisole, n-butylbenzene, or a mixture thereof, 2 to 10 weight percent decane,
undecane, dodecane, or a mixture thereof and 90 to 98 weight percent anisole, 3,5-

20 dimethyl anisole, n-butylbenzene, or a mixture thereof, 3 to 10 weight percent decane,
undecane, dodecane, or a mixture thereof and 90 to 97 weight percent anisole, 3,5-
dimethyl anisole, n-butylbenzene, or a mixture thereof, 4 to 10 weight percent weight
percent decane, undecane, dodecane, or a mixture thereof and 90 to 96 weight percent
anisole, 3,5-dimethyl anisole, n-butylbenzene, or a mixture thereof, or 4 to 8 weight

25 percent weight percent decane, undecane, dodecane, or a mixture thereof and 92 to 96
weight percent anisole, 3,5-dimethyl anisole, n-butylbenzene.

Some more specific exemplary solvent mixtures include 1 to 12 weight percent
decane, undecane, dodecane, or a mixture thercof and 88 to 99 weight percent n-
butylbenzene, 3 to 12 weight percent decane, undecane, dodecane, or a mixture thereof

30 and 88 to 97 weight percent n-butylbenzene, 3 to 10 weight percent decane, undecane,
dodecane, or a mixture thereof and 90 to 97 weight percent n-butylbenzene, 4 to 10 weight

percent decane, undecane, dodecane, or a mixture thereof and 90 to 96 weight percent n-
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The sol vent m xture typically includes 1to 20 wei ght percent of the al kane
having 6 to 16 carbon atons and 80 to 99 wei ght percent of the aromatic
conmpound wb 2bev1siN7a (1) based on the weight of the sol veot/useooouzss1 For
exanpl e, the solvent m xture can include 1to 15 weight percent of the

al kane and 85 to 99 wei ght percent of the aromatic conmpound of Forrmula (1),
1 to 12 weight percent of the al kane and 88 to 99 wei ght percent of the
aromatic le@abwme,@f 4t 8 iglight ppicentalecgne) pndgsprfh dodrepee of a giixtupethgiRine and
90 to 98 [ reen £t [ 0 ). to 10
wei gnt peend® o SR b Rania Sy ERYS B R b SERF Pt i o

conpound of Faptit @ofel specific bRerdflameiotitht P&teRPincdideting 12lwepie prREnO0 to 96
wei ght percent of the aromatic conpound of Fornula (1), or 4 to 8 weight
per cent  clecaeand| 3489 ity percentaaispla, dHe | arcimi persentidssansrangditite 9%¢ ompound
of Formul a..(l) lL.ar.y..sql 1.Xtu | t i ght
per cont - dosghperesHERE A 1Rl B e RRhe Rt o] BT fiPishey U

wei ght pesr@aotl 0andigialpercedt decat anelt doytb iveatia, pertebtdnydddebased on tiay weighd Xt ur e
thereof, 2 to 10 weight percent decane, undecane, dodecane, or a m xture

t her eof MdhoWIYWt 9BXIES ght percent anisole, 3,5- dinmethyl anisol e,

n- butyl benzeney; Ol rﬁingtsg]écggé E'fénﬁﬁ& s%]f\;eﬁtné%lg%% %QBngrtSGIE'twepgﬁ%gﬁctent

undecane, dodecane, or ure ereof a wel g
ani sol e, dddbeandian®@BRYd 9BREROL percdnt BIA-Yinkeindatisle,drtod Onveightrperdeher eof , 4 to
10 wei ght percent wei ercent decane, undecane, dodecane, or a m xture

ht ps
t het®of dledewnerad 86 tQ?\%? @Etghbﬁ?re@ﬁ@,Saﬁm%%a}m@}%-%rp et Hght ReFgeabfledecane
-butyl b i or .4t ' '

e cent _dadgAdo o8 weBTLblc e, HOR AR uniSblecte ot VLB or Gl 51
wei ght peao O@nricignipskrt, 3,3-donethyiahikyle basddsel the weidhu b §ihbsozemanixboae nor e

specific exenplary solvent mxtures include 1 to 12 vve:ﬂght percent decane,
undecane, dodedif@MpPSpitign Gk inghude pRw pE kb e SR eenirge Mk pRIMENt JaIK tEht

nbutyl be '7%@&{301} thet@tathecibh! Hhe A5 ERMHondEGEREmpYAHSS BRE: cHARARCANEast 96 @

m xture thereo
15 weight percent, at least 80 weight percent, at least 90 weight percent, or at least 95 weight

percent solvent mixture based on the total weight percentage of the composition. The
composition can contain no greater than 99.9 weight, no greater than 99.5 weight, no
greater than 99 weight, no greater than 98.5 weight percent, no greater than 98.2 weight,
no greater than 98 weight percent, no greater than 97 weight percent, no greater than 96

20 weight percent, no greater than 95 weight percent, no greater than 90 weight percent, or no
greater than 80 weight percent solvent mixture based on the total weight of the
composition.

The composition includes at least one organic semiconductor material dissolved in

the solvent mixture. The amount of dissolved semiconductor material in the composition

25 depends on the particular semiconductor material and the particular solvent mixture. The
solubility of the organic semiconductor can be greater in the solvent mixture or
composition (e.g., as measured as a weight percentage) than in any one of the solvents
included in the solvent mixture. The composition typically includes at least 0.1 weight
percent organic semiconductor dissolved in the solvent mixture. Stated differently, the

30 composition contains at least 0.1 weight percent dissolved organic semiconductor based
on a total weight of the composition. For example, the composition can contain at least

0.2 weight percent, at least 0.4 weight percent, at least 0.5 weight percent, at least 0.6
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and 88 to 97 wei ght percent n-butyl benzene, 3 to 10 wei ght percent decane,
undecane, dodecane, or a m xture thereof and 90 to 97 wei ght percent

n- but yl bewoen®/1549780 10 wei ght percent decane, undecanepCiade@aneis7or a

m xture thereof and 90 to 96 wei ght percent nbutyl benzene, or 4 to 8 wei ght
per cent decane, undecane, dodecane, or a mxture thereof and 92 to 96

wei ght percent n-butyl benzene based on the melght of the solvent m xture.

Q her norecighfasrdent ableasiawgicboparesnt. ariakicastds0 wathtiprscant déssalyedvergghic
percent dsgﬁqgc%%gﬁﬁgﬁﬁteﬁ%%ﬁ Sl %h%m &l (Eoe.{‘éonf@ f[%nant%imqu]tg 2461 Gh: per cent

decane an eércen ni’s érc decane

and 90 t @cB&nWebah0 migmpércaxm Ptel5 weight pedechd) upetb gbtw cpen:bmdapaﬁ@ and
90 to 94 wei ght percent anisole based on the weight of the solvent m xture.
Still ot HeqigldIcECCah 8Rt9 P ovedsts fpTcgity UR &) Wﬁtghﬁpsépmte@r ynrelduteight rescerd wei ght
perc i to 10
vel gh ¢ pTERERA0, hildhatEe" Bl AERE RN s AL RIS RURRORo o e 2

to 8 wei gtur epﬁﬁplemonmdﬁqmmoﬁmbxﬁantool 23 wetigiht pepei; ONlt to 20 weight
3, 5- dlnethylanlsole or to 6 wei ght percent dodecane and 94 to 97 wei ght

per cent PCBCH; &eltqeylloaﬁ@lgl@qr@r%as Odl f9r§ veightearemt, (o torhweight RERNLA X tUP e, The
conposi t '\Qﬂ% ad%{depf? louds A0Y; gﬁﬂh&&% R.4R! z’??x%ﬁﬂ?ﬁfﬁg&tt a9, £l SRLY erE@tfft ure,

based on t ‘wei ght ' o e canposi e conposition-o

cont ai ns digsolvedstganit ssriighiduper tatial l@dsedi easic t8€l migghbftherccmpbsm@t | east
90 weight percent, or at |east 95 wei percent solvent m xture based on
thelQotal wei ghty prerRieAemmigandctqrpates .C@m Ba disslee g ipotalv s MIBHFE cont ai n

t t t th
19 L SRR GIHA PP i D gl g g cater, then

wei ght, nmugoaﬂh@mpmhamegﬁwmﬂsghmwmeBQEQﬂotﬂnw@ﬂeaymwdmmmms97 wei ght
percent, no greater than 96 weight percent, no greater than 95 weight
per cent , h\l@k@%@r@ﬂlelﬁeﬁw@@lt«@dgﬁf Walous AEgang .grqws graAsdhe ¢ampeugd wei ght

per cent sl eRby o W rPasadniI e (R AhiGPRLAN M HIRCOMPASHERY. The

conp05|t|on es at least one org nlco | ved
in 15 poly(phenylene vinylenes), and poly(thienylene vinylenes). In some ernbodlrnents, the

organic semiconductor comprises an organometallic compound such as a phthalocyanine.
Non-limiting examples of organic semiconductors include those described in, for example,
U.S. Patent Nos. 6,690,029 (Anthony et al.), 7,319,153 (Vogel et al.), 7,211,679 (Gerlach
et al.), 6,864,396 (Smith et al.), U.S. Patent Application Publication Nos. 2007/0158643
20 (Vogel et al.), 2007/0249087 (Zhu et al.), 2007/0146426 (Nelson, et al.), and
2007/0249802 (Zhu et al.), and 2007/0232781 (Zhu et al.).
In some embodiments, the organic semiconductor includes a substituted pentacene.

Exemplary substituted pentacenes include those of Formula (II).

RC
X | X
OO0
X Z X
X | X
RC
25 (H)

-11-



the solvent m xture. The anmpbunt of dissolved sem conductor material in the
conposi tion depends on the particul ar sem conductor nmaterial and the

parti cul awo00wvisn78mi xt ure. The solubility of the organiPCTASaIOOMIFACt Or can
be greater in the solvent m xture or conposition (e.g., as neasured as a
wei ght percentage) than in any one of the solvents included in the sol vent
m xture. The conposition typically includes at least 0.1 meuggt per cent

organi c §éﬁp€@WG&HﬂGﬁdHRs§dn¢éﬁn¢%MWﬁék@@¢@@ﬁtth%@hﬁéuw@Paﬁ Uﬁﬁﬁﬁerently,
the compo; 3}1 Ak ARkl 0F 1?§utb| FaRY. h%he%‘oé‘f?ylg%;[ ur%%ﬁ?@t%g dl g&?{fw‘?@% a(ﬁ(eglgp
ron. For exanple,

SEﬁlCOﬂdU ased on a 0SI

conposi t lammn@@b:v,tmm & Sﬂlbﬁituieﬂaﬁﬁl &h ﬁlsnbst@drtbd @ﬁﬁlﬁ)@ﬁwted&ietdrﬁﬁy‘l, a0. 4 wei ght
percent, at least 0.5 weight percent, at |east, 0, 6weight percent at | east

0.8 wei gHerpranyb ef a sibyl gipun efermyla gSR ghEaghdR d&mdemrsi@@qlw&f‘de
d t to 25
S OISR T by 4 SO SRR 1R, SO ROFLE L BOuGRRt 2 e P Lo 2

wei ght  pefceesdlkylugn tusuBstiveticd ot sﬂgflﬁﬁemt alkeml ta@ udswBLgId @eubahitedup to 5
wei ght percent, or up to 4 weig per cent djssol ved or gani ¢ sem conduct or

mat eri al %19}%& acﬁﬁb%tﬁléteti ot amswtgmi anfl PHESEBYHSGSY oF Bibstitnind hefeapaivle or sone
01 vo 10T gl bl o HRUGTL: REEAERLL aduds WS M ELE R bBREEN L

0.5 to 3 hat, giazinopﬁydheﬂjzl oflcatbdxy1 groopi(igh] per cent, 0.5 to 2 weight percent,
or 0 1to 2 wei g%}mager cent dissol ved organi c sem conductor materjal based

on the t ofL8IO0RR S ubHEUETE §lkt3¥1§()lnanqﬁ'€ﬂ]§ylb’rl GEAPE ICBifC YN cYSE materi al
that can H%ferorrgls ﬁﬁl%e%a'n{? 8}31 doy@r@ | ¥ @R RY anCB%h Segultalﬁ?@sulbkﬂhéﬂtg'g

exanpl es 0 ani ¢’ semc t'orsinc eries f eroacenes, peryl enes

such as er ayaiybe3heterdaryDinckide aaatldyhmjdidxg, 1®ht¢mlﬁgls halbuq}anb,rtgtdwxfyul | er enes
substituted with_ various organo.groups such he co

d
[ 6, 6] - phetiid otedHul Feup- aEFch Kt Hyepcadesly, Selfi‘@¥°§itffﬂf%5 EE%, hplo gy r ol es,
pol yacet yjj n%dégf%gg%%(&hﬁlﬁ”é{&g@ﬁléyaﬂé{ | £7eR) aﬂ%ﬁdTHQE%ﬁB{lﬁ'o?Wé Enii ny! e“es)

In sone € e or Sem con UCtOF conprises an rganonetalllc
conpdund ssmidondsctar phtetial disspareidrie theNoheht mixtimds eqahpl @ deasf 0.0 vgaghitc
S COn L O Phasod o 2 Jotal Wo.ghi OF RS Cotaposiion. | O SXan®! e,
In Formula (II), suitable alkyl R® groups typically have 1 to 18 carbon atoms. For
example, the alkyl group can have 2 to 12 carbon atoms, 2 to 10 carbon atoms, 2 to 8
carbon atoms, 2 to 6 carbon atoms, or 3 to 6 carbon atoms. The alkyl group can be linear,
20 branched, cyclic, or a combination thereof. Non-limiting examples of alkyl groups
include ethyl, propyl, butyl, pentyl, hexyl, cyclohexyl, octyl, cyclooctyl, nonyl, decyl,
undecyl, dodecyl, tetradecyl, hexadecyl, and octadecyl groups. Any of these alkyl groups
can be optionally substituted with an aryl, heteroaryl, halo, cyano, hydroxyl or carboxyl
group. Suitable aryl substituents often have 6 to 12 carbon atoms. Suitable heteroaryl
25 substituents often have 3 to 10 carbon atoms and 1 to 3 heteroatoms selected from oxygen,
sulfur, or nitrogen.
Suitable heteroalkyl R® groups typically have 2 to 18 carbon atoms and 1 to 10
heteroatoms selected from oxy, thio, or -NH-. For example, the heteroalkyl has 1 to 12
carbon atoms and 1 to 6 heteroatom, 1 to 10 carbon atoms and 1 to 5 heteroatoms, 1 to 6
30 carbon atoms and 1 to 3 heteroatoms, or 1 to 4 carbon atoms and 1 to 2 heteroatom. The
heteroalkyl is often an ether or polyether group; that is, each heteroatom can be an oxy.

Non-limiting examples of heteroalkyl groups include methoxymethylene (CH3;OCH3-),
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U S. Patent Nos. 6,690,029 (Anthony et al), 7,319,153 (Vogel et al), 7,21
1,679 (CGerlach et al.), 6,864,396 (Smth et al.), U S. Patent Application
Publ i cat iwo 2bie$1512807/ 0158643 (Vogel et al.), 2007/ 024908T/USZivg/oeis7nl . ),
2007/ 0146426 ( Nel son, et al.), and 2007/0249802 (zhu et al.), and

2007/ 0232781 (Zhu et al.). In sone enbodl ments, the organi c sem conduct or
i ncl udes a substitut edHLq)ent acene. npl ary substl t ut ed pentacenes incl ude
t hose of qﬂ&XNmeﬁlY(lqnle)(C CHepGtika, @PﬂhPXY@é@quR‘@Hsg)qfh@@b@th ly sel ected

from an titut e I r tituted
het er oal Ky o%?%%ygﬁéﬁ@?fga@ﬁ dIEI i%@? f%lteseed}?ea?rgéﬁgllg%aé Sﬁgﬁg) 18'#1 ed or
substit utsaestaﬁﬁéh witinlHRgIY babﬂoht}ﬂ adﬂcg lcy s iy dronylat choryloabyp., Swtabey rocenyl ,
or a silyl group of fornula -Si (Rd)3. Each Rd Is |ndependently sel ected

f rom hydrésgenbstapeninaiieshave Gtted 2 6Arben IS Lﬁ%blﬁlhﬁgﬁroarﬂrﬁubﬁgmft ofieit ed or
subsgit Uth%ge g‘% ) Qﬁjblé%( !a%onfyhga E%Sht ?etr&}tgrgs gél?&?cp frB@to‘&&S ‘ﬁ%“X

unsubstitute sub , a su uﬁsu SfI]{Ut ed aryl,
an unsub&tllrégt&led or substitut ed heteroaryl or acetyl. Suitabl e

substituents for an al kyl or heteroal kg &ou ps include an ary
&

heteroaryl, hatutableydigyl lﬁy&rpbwyw%lﬂy I8 cgrlsuptems. ebor exg;@gpq) the
Suitabl e ﬁ%&gf U AL 2% 816 hHon 20l 3l MQ%%rbgﬁ(a{‘b%s Dghdaagh i ary!

het er oar yal cyano, rox c¢ar boxyl group

Sui t abl e Stelsstarbarendms,foar taItS camoln amcsmmerleeramamzll gtdnplcuﬁiee dncaa) teyhched) koxy,
het er oal kyl , hal o, cyano, hydroxyl, - or carboxyl group. Each X is

i nd&hendeielis Ogélce@bg@tlw QWFWdP%QéHmUH&F@mI&P%}ﬁ alkeawk sswps 51091 ¢ vinyl,

het T
cerm condny bEREPEy ARGy, TAERAr PRLRRY) ke gl b 2B b AR
| east 0. ldeoaiydhit-depdecesins 1 tmméebeﬁyll and boaladveenghdrowps. tArey efahgeaikichon. | n

Formula (I1), swtable al ky]| groups t ypi callé have 1 to 18 carbon atons.
For exani'@IPstose SPRWM&V@HBSU&%IF] Wét\lié‘nzﬂﬂf%y’l%yb FisEnsrdi bR, ©y89:0 10 car bon

ST} 2 D003 By, Bk LB S O SRPRIALETT,
Noni3 i m t6 togl Oecesopl atemof Swtabid hegafromplssubstltuents often have 3 to 10 carbon atoms or
4 to 8 carbon atoms and 1 to 3 heteroatoms selected from oxygen, sulfur, or nitrogen.
Suitable aryl R groups typically have 6 to 12 carbon atoms. For example, the aryl
group often has 6 to 10 carbon atoms or 6 to 8 carbon atoms. The aryl group can include a
single aromatic ring, a first aromatic ring fused to a second carbocyclic aromatic ring, or a
20 first aromatic ring fused to a non-aromatic carbocyclic ring. Non-limiting examples of
aryl groups having 6 to 12 carbon atoms include phenyl, 1-naphthyl, and 2-naphthyl. Any
of these aryl groups can be optionally substituted with an alkyl, alkoxy, heteroalkyl, halo,
cyano, hydroxyl, -SeH, or carboxyl group. Suitable alkyl substituents often have 1 to 10
carbon atoms, 1 to 6 carbon atoms, or 1 to 4 carbon atoms. Non-limiting examples of aryl
25 groups substituted with one or more alkyl groups include 2-methylphenyl, 4-
methylphenyl, 3,5-dimethylphenyl, 2,4,6-trimethylphenyl, 4-butylphenyl, 2-hexylphenyl,
and 4-hexylphenyl. Suitable heteroalkyl substituents often have 2 to 10 carbon atoms, 2 to
6 carbon atoms, or 2 to 4 carbon atoms and 1 to 3 heteroatoms selected from oxy, thio, or
—NH-.
30 Suitable heteroaryl R® groups typically have 3 to 10 carbon atoms and 1 to 3
heteroatoms atoms selected from oxygen, sulfur, or nitrogen. For example, the heteroaryl

often has 3 to 8 carbon atoms, 4 to 8 carbon atoms, or 4 to 6 carbon atoms and 1 to 3
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i ncl ude ethyl, propyl, butyl, pentyl, hexyl, cyclohexyl, octyl, cyclooctyl,
nonyl , decyl, undecyl, dodecyl, tetradecyl, hexadecyl, and octadecyl
groups. ANQ2009/15ig8e al kyl groups can be optionally subgCirtuse@d/owssvh an
aryl, heteroaryl, hal o, cyano, hydroxyl or carboxyl group. Suitable aryl
substituents often have 6 to 12 carbon atonms. Suitable heteroaryl
substituents often have 3 to 10 carbon atons and 1 to 3 heteroatons

sel ect ed Hetspatemy geh to 3 beteipatonyy Hicthetrgestyl uiipgdpidea ﬁég]éﬁlé‘@m@}@mﬂ@ gr oups

typically.ha t tQ I from
orp o MK RedaPork iR ARR A B ARGt A 8millc ARE FrIHRMuSRAFEHRE . (o
and 1 to fasdiab aro@ﬁio@mhchohcard&a@caﬁbg) nN@lﬁ-Qﬁ’fﬁtlﬂg'lélxahlﬁl& &f leedr@rplaironms, 1 to 6
carbon atons and 1 to 3 heteroatons, or 1 to 4 carbon atons and 1 to 2

het er oat dRfludh&Pradiaybarmyiding, Aopyréhnféln2@me¥yl orPystlyketurangk dufpranyhat i s,

el e mtReey e noEndl B PRl gy R ARS SpuBia S BRs i Xl OuPe

met hoxy etdaydlien eal(cé}ﬁ QELRGHZ, hal @ pghrel hateyetihySctner (EHBGHRRGH2uaallc Any of

t hese heteroalkyl roups can be optionally substituted with an ar

het er oar yAlky ﬁalp%ltue@ n bayield 9 cybor aeBiExY fo @euhion atgmst bl © Aaw on
substit uelss. 0$1%1?a'31 Y&O%k%l%u%%ltﬁ&{t gﬁenaiﬁa%@ to %g %1%‘811% 98l %{ bon

substituents carbon atons an ef'eroa

sel ect ed dtérasnod 2@ & marbdt latasiis andr1 toi X kadgemomSytlcabd €roal kenitio,Re -NHDUPS
typically have 2 to 18 carbon atons, . For exanpl e, the al kenyl group can
havi) 2 to 16 bl farrensryl erowes fopRe inchisls. bitgrnotdimitpdte. feapesalat ons, 2 to

8 carbon nqétﬁ erro% 03% lithcfh é%?&gfﬁﬁ%etﬂ_ ferﬁoﬁrﬁﬂﬁnn%n?éfﬂyl?&%cm,l %l;aear,

br anched, a co I na t1ng exanp
al kenyl gmmmmsmyﬁﬁhu&aywlnyl al lyl, |sopropenyl 1- butenyl, 1-hexenyl,
2- hexenyl, 1- octen%l, decenyl 2- de en¥ 3- decenyl 1- dodecenyl

a

1- tetradecenyﬁhnﬁh SﬂyH%P@@E@éﬁnygﬁé P§§R6$ Eﬁ@é&HéPK@HWFRﬁ@bups can
be optiong]k¥q% @%%&Hé&g uﬂém%@tltﬁ{éd%lr ‘§193<§t’1tut9c{ %k%zl ﬂﬁstu%ét?[ E‘nﬁs‘ﬂﬂne&yano

hydr oxyl or car group. Suitable aryl ftuents o ten ave to 12
car bbn athemsoakyl, unsubstituted or substituted alkenyl, unsubstltuted or substituted alkynyl,
unsubstituted or substituted aryl, unsubstituted or substituted heteroaryl, or acetyl.
Suitable substituents for an alkyl or heteroalkyl include an aryl, heteroaryl, halo, cyano,
hydroxyl, or carboxyl group (i.c., -COOH). Suitable substituents for an alkenyl or alkynyl
include alkoxy, aryl, heteroaryl, halo, cyano, hydroxyl or carboxyl. Suitable substituents

20 for an aryl or heteroaryl include an alkyl, alkoxy, heteroalkyl, halo, cyano, hydroxyl, -
SeH, or carboxyl group.

Suitable alkyl groups for R¢ typically have 1 to 10 carbon atoms. For example, the
alkyl can have 1 to 8 carbon atoms, 1 to 6 carbon atoms, 1 to 4 carbon atoms, 2 to 10
carbon atoms, 2 to 8 carbon atoms, or 2 to 6 carbon atoms. These groups can be linear,

25 branched, cyclic, or mixtures thereof. Cyclic alkyl groups are referred herein as
“cycloalkyl” groups. Alkyl group having a cyclic portion plus a linear or branched portion
are referred herein as “cylcoalkylalkylene” groups. Non-limiting examples of alkyl
groups having 1 to 10 carbon atoms include methyl, ethyl, propyl, isopropyl, cyclopropyl,
butyl, cyclobutyl, pentyl, cyclopentyl, hexyl, cyclohexyl, octyl, cyclooctyl, nonyl, and

30 decyl groups. Further non-limiting examples include cyclopropylmethylene, 2,3-
dimethylcyclopropyl, and 2,2,3,3,-tetramethylcyclopropyl. Any of these alkyl groups can
be optionally substituted with an aryl, heteroaryl, halo, cyano, hydroxyl or carboxyl group.
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6 to 10 carbon atons. Suitable heteroaryl substituents often have 3 to 10
carbon atons or 4 to 8 carbon atons and 1 to 3 heteroatons selected from
oxygen, swbf2009/150478ni t rogen. Suitabl e aryl Rc groups typctaiskeoohasse1 6 to 12
carbon atons. For exanple, the aryl group often has 6 to 10 carbon atons or
6 to 8 carbon atons. The aryl group can include a single aromatic ring, a
first aromatic ring fused to a second carbocyclic aromatic rlng or a first

ar oma]t i ¢ Juitablefang sdbstibuentyeftendiayeatte d2 @&fbb@@@@l& Suitpblg hetggraryli mi ti ng
exanp esyﬁ%{)stﬁu%tszcgﬁe qﬁat%ﬁ '3"%8 " Q\%al%o%% 0}1'1?3 a(fl%rl 8% &tteqngtohlg%lggtgd grgﬁllné/oxﬁgﬂl’y

1- napht h can

subst i t utsatfurot hltfugelal anlexarﬁbllecawn ahet ﬁfb@ﬁﬂukd(ﬂ wu}haﬂ By, GytaEtOcantBecie el ,
-SeH, or car boxyl group. Suitable al ky substituents often have 1 to 10
carbon att®mgferchangsalgy aappowrylallonenc” o “aryladyd”, dabywl at oms.  Non- I|m ting

exa | es of ar r I Y, cl ude
n?f)hyl phenyléﬂltﬂgle%%ﬁoaﬁ%aénﬁpgtf%d%dl%]itn@alﬁﬂﬁaﬁ%ﬁetﬁalo %J ﬁ a% rﬁl’l net hyl phenyl ,

4 but yl pheeybatords beugttphremydxy, tis] of - Neky IFphetylple, Shi hea&zbelkple&axﬁrmaé Kyd>

substituents often have 2 to 10 carbon atons, 2 to 6 carbon atons, or 2 to

4 car bon SEHPRN HAS a4 § (a3 helcmainiptohdo §Epdon ety B loteyd hatepaiomsy or I |
Sui tabl e higt el eﬁ&%k aﬁi? % ?Hgt%¥ota¥09ﬁsc ghl }ﬁe@fao\éﬂiy? o%te%oan% etPBPg@&thgr and 1 to

3 het eroat ons ons se rom oxygen, rog exanpl e,
t he het ergauipy lthavfig, eﬁbhna:srseraatbm 18aﬁak§aoNoﬁ4h@nﬁng éxatnﬁpl@s (ff&foEﬂGHllﬁ}thglﬂ@psor 4 to
6 car bon atons and 1 to 3heteroatons or het er oat ons. The het eroaryl

canl® ncl upgugde @FW@FW%@Y’@%@%MH@')’@%}’H‘&W&’&U@KG%GH&@?@H% ng fused to a
car bocyc'dl&h&(;%@én'\l()(bﬂlr‘@C}f)EHa)hﬁltdeerﬂ?&ké/g{ﬂ?rfehg (éHr@Hf(?‘é AL HY) 2AfG Fpocycl ic

non-aronmatic ri m tl n exarrp eteroar Oup i ncl ude

2- pyri di rése hdtepyaikydigaytips cdn b@l bpm?bﬂaﬂy su‘t&-tlnyéd with lan aﬂﬁl,ﬂ}ete’rodtryl hald; furanyl ,
3-furanyl, 2-thieny|, and 3-t é of these heteroaré/ %Ocoups can be
opt i onal |9/28Q By ETory @crafiors] &rﬁum wabledwbwsﬂwé@té PH&N Ryye 6 19aliFarkgpano,

{010 bartS3Rar oe RNl (HO G PHLARRSD § R LR S abre
het &F oal Kytersatbrat sdleat fomfdxgnthigwe—RH-0 10 carbon atons, 2 to 6 carbon

Suitable alkenyl and alkynyl groups for R? typically have 2 to 10 carbon atoms.

For example, the alkenyl and alkynyl groups can have 2 to 8 carbon atoms, 2 to 6 carbon
atoms, or 2 to 4 carbon atoms. These groups can be linear, branched, cyclic, or mixtures
thereof. Non-limiting examples of alkenyl groups include vinyl, allyl, isopropenyl, 1-

20 butenyl, 2-but-1-enyl, cis-2-but-2-enyl, 3-but-1-enyl, 1-hexenyl, 2-hexenyl, 1-octenyl, and
I-decenyl groups. Non-limiting examples of alkynyl groups include ethynyl, propynyl,
and n-butynyl. Any of these alkenyl or alkynyl groups can be optionally substituted with
an alkoxy, aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl group. Suitable aryl
substituents often have 6 to 12 carbon atoms. Suitable heteroaryl substituents often have 3

25 to 10 carbon atoms and 1 to 3 heteroatoms selected from oxygen, sulfur, or nitrogen.

The same aryl and heteroaryl groups described for R® can be used for RY. Suitable
aryl groups often have 6 to 12 carbon atoms or 6 to 10 carbon atoms. Phenyl is an
exemplary aryl group. Suitable heteroaryl group often have 3 to 10 carbon atoms and 1 to
3 heteroatoms or 3 to 8 carbon atoms and 1 to 3 heteroatoms. Non-limiting examples of

30 heteroaryl groups include 2-pyridinyl, 3-pyridinyl, 4-pyridinyl, 2-pyrrolyl, 3-pyrrolyl, 2-
furanyl, 3-furanyl, 2-thienyl, and 3-thienyl. Any of these aryl or heteroaryl groups can be
optionally substituted with an alkyl, alkoxy, heteroalkyl, halo, cyano, hydroxyl, -SeH, or
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atons, or 2 to 4 carbon atons and 1 to 3 heteroatons sel ected from oxy,
thio, or -NH. Suitable ferrocenyl groups for Rc include, but are not
limted two 2be@vrsoenyl , net hyl ferrocenyl, dinethylferro®emgisz009/045571
tetramet hyl ferrocenyl, pentanethylferrocenyl, and nonanethyl ferrocenyl.
Suitable silyl groups for Rc are of fornmula -Si(R d)3. Each Rd is

i ndependently sel ected from hydrogen, unsubstituted or substituted al kyl,
unsubst i tagtheaybgrosmbAnickampld dhen eno arbsjitutediwihios aikyl tsdalybrAs esennle of @d

al kenyl , bt r..S e | kyn nsubstituted or substituted
aryl, unshégezgﬁﬁu%gﬁ%%dgxﬁbhsw%f@flégNﬁlglte @P’ @(Fé ',Q'YLCI:T acetyl. Suitable
substituents flakoms calblsitimis, fRtsdyDabliy bf foreulds fammds yBi(RheisasfTarmylla hal o,
cyano, hydrox or carboxyl grou i . Suitable substituents for

| .e., - >
SRt O T Ml 4010 PR o OB L Ry s LI e e

hydr oxyl . ' . ' . roaryl

el Do, ARCFRE I (o SRBbEDUPR] pEG EloaRR S BhnRk B ELY o,
car boxyl sgbgitiwed Sutlbalkylalkgldny! EQcORD tndependBatly spiealct Yronagad to 10 car bon
atons. For exanple, the alk can have 1 to 8 carbon atons, 1 to 6 carbon

. _al kyl ) .
atons, 1 unsubstigdedbersubetghied alkepyl, (lp aawpehstintesher, substiteted cyepdbr. at Gs, or 2
to 6 car 1 [.nean, : hr J r
m xt ur o Enag Aapted A s A RS AR R T B s ERBR e BBV DRI 11
groups. Ahnkykultgtiaugd desubstuid aishiy; (Qantunsubsptuss @ dubstated oyclbalayic hbd
portion are referred herein as ngﬁil coal kyl al k%zllene" roups. Non-limting

exahPl es a@fungybsiifuted o sybstiaier sy lalkylgna. gy asstyl.4r 6he hetspaide Therwyirbleet hy| |
ropyl, i ; c - - tyl,

eyl cyorOnaihly 1 oESTRREARAL v iUhl o CUCL AR vorRBRAL el B RERL Y,

non- | i m tTheguexainpt st z selquaeo 8ycl opr opyl net hyl ene, 2, 3-

di net hyl cycl opropyl, and 2, 2, 3, 3, -tefrajet hyl cycl opropyl. Any of these

al kyl groups danoBe sdptgrewms afyosua rPivedath Rnhetodp iy pdergrdetbostegied hal o,

cyano, hygioxyhihyt ﬂ??faér'i LAl n¥akorfURRE dnl fi§thehave 6
to 12 carbon at é(%ns}.’%{;u ta Il}egg%(g%g?%ryﬁ scuf)@ti toue%t;hzi 0 t@tgﬁ%lgjea to 10
car bbn atmn@eaadthidn # oaBoh etoarsodthessgreepeaindd ncaryboxylyein cyclic, or

combinations thereof. Non-limiting examples of such compounds are compounds of

Formulas (IV), (V), (VI), (VII), (VIID), (IX), and (X).
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sul fur, or nitrogen. An exanple of an al kyl substituted with an aryl, which
can be referred to interchangeably as an "aryl al kyl ene” or "arylalkyl", is

benzyl . SuDtew/ w1978t er oal kyl groups for Rd typically

atons and 1 to 3 heteroatons sel ected from oxy, thio,

haveTUSe@ID@55¢ar bon
or -NH . For exanple,

t he heteroal kyl can have 1 to 8 carbon atons and 1 to 3 heteroatons, 1 to 6
carbon atons and 1 to 3 heteroatons, or 1 to 4 carbon atons and 1 to 2

het er oat ons. The heter&ngyl is often an ether or po
each heteroatomis a y

her group; that is,

oXy. n-limting exanpl es ok heter kyl groups
i ncl ude net hoxynet hyl ene! OCH2-), ethoxynethyle CH20CH2-) ,

nmet hoxyet hyl ene ( CH3OCH;
these heteroal kyy groups

2-),

het eroaryl, balo o% car boyyl
substi tuent s af bon at ofrs
substituents o eron at ons

to 8 carbon atons
an be |inear, branched
| es of al kenyl groups

al kynyl groups can have
carbon atons. These
thereof. Non-limtin
i sopropenyl, 1- butenyl
1- hexenyl, 2-hexenyl,
exanpl es of al kynyl gro% i ncl ude et hynyl, propynyl,
t hese al kenyl or aIkynyIQg}

het eroaryl substit ten have 3 to 10 carbon at
het er oat ons selected oxygen sul fur, or nitrogen.

and et hoxyet hyl ene (CHg

ut-1-enyl, c -2-but-2-eny
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with ap aryl,

or 2to 4
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n limting
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Sui tabl e aryl sube |tfents often have 6 to 12 carbon ato table
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exenplary aryl group. Suitable heteroaryl group often have 3 to 10 carbon
atons and 1 to 3 heteroatons or 3 to 8 carbon atons and 1 to 3 heteroatons.
Non- | i m twogoexangBes of heteroaryl groups include 2-pyPCaiusge09/045571
3-pyridinyl, 4-pyridinyl, 2-pyrrolyl, 3-pyrrolyl, 2- furanyl, 3-furanyl,
2-thienyl, and 3-thienyl. Any of these aryl or heteroaryl groups can be
optionalLy substituted with an al kyl alkoxyh@Qeteroalkyl, hal o, cyano,

hydr oxyl , Theseeompmeds pbkgye Ghybgoupiel xmmsl-Si®!):dhat arsalsaobiormulat ed with an

S S R O O U SR R

formul a ~(SiI(IR&)Brocallefl RF grdiipk aAlISheR a)kyt £RRupY &3 branched EARdInTa (IV). In
i ndependently is selected from(a) an unsubstituted or substituted al kyl,

(b) an urfumats MIHsdwerlkyl gewips atcdwanched and euq alkdrgroppsisisyelic Jiash sdyl

bstitut ) I L I
an ihsubsowEne SoBiar o ER Ty S L S RENSERL N Py gy om ()
subst i t uttad oy alkemt Ryl growy andayvoailkyll RS whsipist The dvetlksLipstpd intFegmulas (V),
cycl oal kyl al kyl ene. " is selected from (a) hydrogen, (b) an unsubstituted

R
or subst i(dbetnddiy#rgbranchsd while Hedperalleihgemps in Berpya Ctkasel cyshel dackyl , (d)
bet _ . | 3
ot or oar k) E0uBts BHREH PthEfa3UY) BN SR -bEhePR BB (VP O,

or 2, andEdchsilylatro@binehz coap@mdalf Foan®la@WI)lhas The atkenyldt’ groupsyand oici s equal
to 3. In sonme ssilyl groups of formula -Si each Rd group is

R d) 3,
i nd&hendeipil R Laoie By Ak aul aéky%@ﬁwpsgr%%}bbl%%am# n iys Hrawide 511@% of
b t I i : :
These or ant GftoflisT Al gr i Rn (R UNER HECBLEE B Sk OB B 0t
Non-limting dxadpities t@thesumitoadnpaunatsriardssobrp duthdsobkntfaixmutahe (1V) ,

, (VY, (VvIL), (vLIEL), . () , and (VI I These compounds al |
E\X/e gi | gﬂorrépém)ag Cétf ﬁF@?@hm(ca@gpeh%%r?%%aplya%ﬁé(% %6(1 go?mﬁmlmr:%”?a (R)

Formila (GPPReRas bp Rt St BEGERPCE Y SR hbopdr
br anthed theicdrapositicm dqrltyimpione HarmedhanicMl dropertitsnl saadekydonductaphyer ferhedanched
and one afjrol%llltheggo%p%sftisonpycl ic. Each silyl
In some embodiments, the polymer is completely dissolved in the composition. In
other embodiments, the polymer is partially dissolved in the composition. As used herein,
the term “partially dissolved” can mean that the solubility of the polymer in the solvent
20 mixture or in the composition is exceeded or that the polymer contains a component or
impurity that is not completely dissolved in the solvent mixture or composition. For
example, in some embodiments, at least 98 weight percent, at least 99 weight percent, at
least 99.5 weight percent, at least 99.8 weight percent, or at least 99.9 weight percent of
the polymer is dissolved in the composition. In still other embodiments, the polymer is
25 dispersed in the composition. For example, at least 98 weight percent, at least 99 weight
percent, at least 99.5 weight percent, at least 99.8 weight percent, or at least 99.9 weight
percent of the polymer is dispersed in the composition. In still other embodiments, a first
portion of the polymer is dissolved in the composition and a second portion is dispersed in
the composition. For example, at least 98 weight percent, at least 99 weight percent, at

30 least 99.5 weight percent, at least 99.8 weight percent, or at least 99.9 weight percent of

the polymer is dispersed or dissolved in the composition.

-18-



group in the conpounds of Formula (V), Formula (VIl), Formula (IX) and
Formul a (X) has one al kenyl Rd group and two al kyl Rd groups. The two al kyl
groups i rwbanewisass(V), (VII), and (I X) are branched whipCe/ush@owwss7al kyl
groups in Fornmula (X) are cyclic. The al kenyl group is linear in Fornulas
(VIl) and (X) but branched in Formulas (V) and (1 X). Each silyl group in

t he conmpound of Formul a (Vli has two al kenyl Rd groups and one al kyl Rd
group. The al Ktlthaughsay avitaple nglm}grscaarb@ inglpdagrip flechesannosition; ke pelymaras | n

many of tﬁ%ﬁ%n?&ﬂa%g agﬁ%‘if‘e e BT B A eeiegﬁ W?g%iat%”ﬂls o%{qe the acene

group is rogen iton sem con rial ssolved in

t he sol vesmibodinénts emsuldﬂﬁg@@ryﬁmrs tdndie &@erbrfsubithallyﬁfdel&eo@u@aéd/wbonﬂhe
pol ymer can be a honD oly copolymer, terp or the Iike. The

pol ymer |C§rb9mtd@ﬁb1§d@@és @lengrﬂﬂmblaykhomé of ﬁ@dw@gp@rof h@hlé, the Mg kiting palysers o
h
compos: t 1A P FEA2BMERYELORAC |8 FnHe e REMERONEA Ot nd ROl DT e, ™ 1

t he conpdsivwiever) cad has@trégbnmbmdmi]egatsd cdrbeén- @eﬁb@’tﬂ&diuhl@bcﬁﬁi@t Fat d:gamjﬂ@s ol ved
in the conposition. As used herein, the term"partially dissolved' can nean
that the th%lt\ﬁbhatmg polmet prs hyaF prRgdant pory patedRroAtc giowpur @ aheri n t he

conposi tiph, |5, G1E %?éjﬁgulgtﬁ g@mﬁso \;%’1 dic S%Eﬁ!ré‘%veng%w,qg‘g or

i mpurity 9 at I'S riot conp I'n the so € or

conposi t |aafbonﬁmbc@«ajmble&;ondmalﬁﬁgr&le&mbmhnmlﬁﬂ&z poyméreash pS8lanegglips. per cent ,
at | east 99 melght percent, at |least 99.5 weight percent, at |east 99.8
wei fht per centlhcgrolyner canbe a@@ﬂ@m}o@%a@m@r eéntth%Polt/Wér %nﬂwé}o i s dissol ved

in the Cappesiih Aok oton RS LTRUTRR! 6y alehFeo] YRE Lo di spersed in

t he conpos t|on east percen | east 99

wei ght pemhﬁﬂmdqalEkeﬁ§Mnﬁ@ﬂ§mMBngﬂﬁ&pbﬁnﬁahoﬂahnhhmspd9&w&nmﬁkgﬁh percent,
or at least 99.9 we percent of th is dispersed in

conposi t |r6ﬁhylﬁwr@te? |pPIY<§f1mqthséﬁwaﬁhﬁﬁltygmetaylfm?@ﬁcrﬁ@ﬁh Rﬂ%y‘alflylphfél%m ymer is

G soL e A COEL RS SERRCI NS0 A RS TR T e
per tent, @gtnocthylpullulan, poly(divinyltetramethyldisiloxane-bis(benzocyclobutene)), styrene-
butadiene block copolymers, hydrogenated styrene-butadiene block copolymers, partially
hydrogenated styrene-butadiene block copolymers, styrene-isoprene block copolymers,
hydrogenated styrene-isoprene block copolymers, partially hydrogenated styrene-isoprene
block copolymers, and the like.
20 The polymer can have any weight average molecular weight. The weight average
molecular weight of the polymer can have an effect on the viscosity of the composition.
Polymers with a higher molecular weight usually result in coating compositions with
higher viscosity. In some embodiments, the weight average molecular weight of the
polymer is at least 1000 grams/mole, at least 2000 grams/mole, at least 5000 grams/mole,
25 at least 10,000 grams/mole, at least 20,000 grams/mole, at least 50,000 grams/mole, or at
least 100,000 grams/mole. The weight average molecular weight is often no greater than
1,000,000 grams/mole, no greater than 500,000 grams/mole, no greater than 200,000
grams/mole, or no greater than 100,000 grams/mole. For example, the weight average
molecular weight can be in the range of 1000 to 1,000,000 grams/mole, in the range of
30 2000 to 500,000 grams/mole, or in the range of 2000 to 200,000 grams/mole.
The concentration of the polymer in the composition can be at least 0.1 weight

percent, at least 0.2 weight percent, at least 0.5 weight percent, or at least 1.0 weight
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| east 99.5 wei ght percent, at |east 99.8 wei ght percent, or at least 99.9
wei ght percent of the polyner is dispersed or dissolved in the

conposi t iwn.2%srgh any suitabl e pol yner can be i ncl udedTius2aoem45571
conposition, the polyner is often an insulating polyner (i.e., the polyner
is an electrical insulator). In sonme enbodi nents, insulating polyners can
be free or substantially free of conjugated carboncarbon doubl e bonds al ong
t he back H@r@nbbaS@% en st ik weighhaf the somppstioms Thaeerrgniseiopralithe pelimpein

non- condy %os\{'t?on i %ﬁeﬁ &8 g}egtewthaﬂl%t\ﬁqul%%%%eﬁ% %g %IT&T 10 10 %81§ﬁtt | ng

pol ymer, Car bon- car doubl e

bonds. quer@namiplgeeatérhﬁaﬂ ms-wb@ht p’@cd@mmr%éat&&ﬁam&%%lgm@éﬁeﬁt 80 picdgat ed
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al i phat i dhat 4 wetali Bersend. Masreptgnthan 8 vgight NeEcRb AL BARKSSIET d5r) ‘éelgbtnds al ong
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anorphou s no cr I'ng poi nt

when analmzledje 0.fl a6 2@xaight pcrcbint, 0I|1 ftd €0 eridhabese@nil ng 5 cadightiperenty D.1 to 3
Exenpl ary pol ynmers include, but are not |limted to, polystyrene, poly(a-
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ponV|nyH8g?Q, 8ﬂ%¥é §g+ i@ cohol ), poly(vinyl acetate), poly(vinyl
Iny

chl ori de), uorlde cyanoet hyl pul | ul an,
poly(d|V|nyItenmaﬁamhmhdnsmiaXﬁMﬁabys@Q&mﬂmmyﬁhmhugameﬁmnwsh&kﬂne@ukﬁdiene
block copol ynmers, hydrogenated styrene-butadi ene bl ock copol ners,

par t§ al | ;Mwa%é%ﬁ%m% PYPSHE. hG t7de e fel1 PGB K O PIS| STESORC ucé?rytpélhf‘e i soprene
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hydr ogenat yrene-1 soprene e pol yner
can have S&hyin e rghge alvief ag®: 1 ninl tee tdnge ofvbidgbd: 1, Thehe wmigghtl 1sdveriagerimthecul ar
wei ght of the mer can have an effect on the viscosity of the
conp03|t|r651i’ﬁeqip %b% $with a hi gher nol ecul ar weight usually result in

e oo i Nl VS SRR o
| easd 20GDatgriEn® (@) ecight pdreas 11)057&&@ adaiFe6 9019eweight percent solvent rmxture,
based on the total weight of the composition. In some examples, the composition can
contain 0.1 to 20 weight percent organic semiconductor material, 0 to 10 weight percent
polymer, and 70 to 99.9 weight percent solvent mixture. In other examples, the
compositions can contain 0.1 to 10 weight percent organic semiconductor, 0 to 5 weight
20 percent polymer, and 85 to 99.9 weight percent solvent mixture. In still other examples,
the compositions can contain 0.5 to 10 weight percent organic semiconductor, 0 to 5
weight percent polymer, and 85 to 99.5 weight percent solvent mixture. In still other
examples, the composition can contain 0.5 to 5 weight percent organic semiconductor, 0.5
to 5 weight percent polymer, and 90 to 99 weight percent solvent mixture. In any of these
25 examples, the solvent mixture contains 1 to 20 weight percent alkane having 6 to 16
carbon atoms and 80 to 99 weight percent of the aromatic compound of Formula (I), 1 to
12 weight percent alkane having 8 to 14 carbon atoms and 88 to 99 weight percent of the
aromatic compound of Formula (1), or 1 to 10 weight percent alkane having 9 to 13 carbon
atoms and 90 to 99 weight percent of the aromatic compound of Formula (I).
30 Some more specific compositions contain 0.1 to 10 weight percent semiconductor
of Formula (I), 0 to 5 weight percent of a polymer such as an insulating polymer, and 85

to 99.9 weight percent solvent mixture with the solvent mixture being 1 to 12 weight
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organlc sem conductor to t is in the range of 1:10 to 20:1, in
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to 5:1, th
ange or TS IBSIAm S ckabidichs by @R Rl bl Sytpallyeth 1"
per cent Qﬁ@hhhﬁhiﬁmﬂbbnﬁmakgmtﬁat@ﬂbﬁhpo@mkmsﬁﬂumemgmﬁmQEQQﬁnhmﬁphymEr and

55 to 99.9 wei ght percent solvent m xture based on the total %Pt of the
conposi t i Wro Privdghte ceseanior et meﬁérecwﬁ%@ﬁt)kvswreaﬁurééﬁmaﬂrwdow 20 wei ght

percent Qraant & éﬁ’erﬂa%g%ﬂ@'ﬁ) 1 cafBlid Al andod Q) é@wﬁgh%ceﬂ? Fﬁ@tar@%t%”er and

70 to 99.9 welg t per t solvent mxture. In otheér exanp
15 compound of Formula (I).

In some even more specific examples, the compositions contain 0.1 to 10 weight
percent semiconductor of Formula (IT) where R¢ is a silyl of formula —Si(R%s, 0 to 5
weight percent of a polymer such as an insulating polymer, and 85 to 99.9 weight percent
solvent mixture with the solvent mixture being 1 to 12 weight percent alkane having 9 to
20 13 carbon atoms and 88 to 99 weight percent of the aromatic compound of Formula (I).
For example, the composition can contain 0.1 to 10 weight percent semiconductor of
Formula (IT) where R¢ is a silyl of formula —Si(R%s, 0 to 5 weight percent of a polymer
such as an insulating polymer, and 85 to 99.9 weight percent solvent mixture with the
solvent mixture being 1 to 10 weight percent alkane having 9 to 13 carbon atoms and 90 to
25 99 weight percent of the aromatic compound of Formula (I). In other examples, the
composition can contain 0.1 to 10 weight percent semiconductor of Formula (IT) where R
is a silyl of formula —Si(R%);, 0 to 5 weight percent of a polymer such as an insulating
polymer, and 85 to 99.9 weight percent solvent mixture with the solvent mixture being 3
to 10 weight percent alkane having 9 to 13 carbon atoms and 90 to 97 weight percent of
30 the aromatic compound of Formula (I).
In still other examples, the composition can contain 0.1 to 10 weight percent

semiconductor of Formula (IT) where R® is a silyl of formula —Si(R%)s, 0 to 5 weight
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conpositions can contain 0.1 to 10 wei ght percent organic sem conductor, O
to 5 weight percent polyner, and 85 to 99.9 wei ght percent solvent m xture.
In still woOlew/sxwapl es, the conpositions can contai n 0PETUS200/04&s7ght
percent organi c sem conductor, O to 5 weight percent polymer, and 85 to
99.5 wei ght percent solvent mxture. In still other exanples, the
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of Formula exanples conposition can conta
wei ght pe‘dentilglerfifeonducSioR*)afo tEcSrmlgHt ﬁekde)nt ofka polymebsuskiaghh ipelaciegt of a
pol ymer such as an insulating poly to 99 wei ght percent sol vent

mi xt ur e AOLHNETh@n &R Peiitd Weig W%C%%ﬁwgeqt mlestlliezw\n&%qﬁolﬁéut BEHUTNYR S havi ng
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of Formul a ot her exa np he conposition can contain 0.5 to
5 wej ght tbe’eafémf[d Wet190 ovedgit tporcenf offaranarhatid dompoufid Sclta@cdiromi gidolpérseent  of
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The composition can be prepared by combining an aromatic compound of Formula
(D), an alkane, an organic semiconductor, and an optional polymer in any order. For
example, an aromatic compound of Formula (I) can be combined with an alkane to prepare

20 a solvent mixture, and the resulting solvent mixture can then be combined with an organic
semiconductor and any optional polymer. When the composition includes an optional
polymer, the polymer can be added as a neat polymer, as a solution with the polymer
dissolved in any suitable organic solvent, as a dispersion with the polymer dispersed in
any suitable organic solvent, or as a combination thereof.

25 In some embodiments, the solvent mixture is prepared and then combined with the
organic semiconductor material and optional polymer with stirring, agitation, or shaking at
ambient temperatures (e.g., about 20 to 30°C). In other embodiments, the solvent mixture
is prepared, combined with the organic semiconductor and optional polymer, and then
heated to a temperature above ambient temperature with stirring, agitation, or shaking.

30 The heating can be under an inert atmosphere (e.g., an atmosphere having less than 21

percent oxygen, less than 15 percent oxygen, less than 10 percent oxygen, less than 5
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90 to 99 weight percent solvent mxture with the solvent m xture being 1 to
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of Formula (11) where Rc is a silyl of fornmula -Si(R d)3, 0 to 5 weight
percent of a polyner such as an insulating polynmer, and 85 to 99.9 wei ght
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percent off FoheularDmaédeat mmﬁwmdt ofa fapgaof 81) tol99. wdightgterdeht iafsb@bn ehearrpl es,
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solvent mxture w e solvent mxture wel ght  per cent
al kane selepotited léyeoamdi&mamanowﬂgleﬁamsomﬂpa@enmf tiee gulwdntnextiieefr@of and
88 to 99 wei ght. percent of an aromatic conpound sel ected from ani sol e,
3, 5- di met h?ﬂ%ﬁ%?ﬂ]é}’erﬁgtg‘ﬁfmil%ﬂlféﬁ*@“%ﬁay&rm xture thereof. These exanpl es

can contain 0 ﬁs%d%@re‘_ﬂ%‘tl?é‘t‘egﬁgﬁcﬁg Hﬁ?&&%H&étBra ke 1'59%%11% s(leédn)d where Re

is a silyl of rmul a wel ght percent of a pol yner
15 layer means that the first layer is in close prox1rn1ty to the second layer. The two layers

can be in contact or can be separated by one or more intervening layers such as an
adhesive layer, primer layer, or both. In many embodiments, when the first layer is
adjacent to the second layer, the first layer contacts the second layer. More specifically, in
many embodiments, the deposited layer and the resulting semiconductor layer are in

20 contact with one or more conductive layers or in contact with a dielectric material.

In one example of this method, the semiconductor device is a transistor such as a
thin film transistor. Transistors with an organic semiconductor are described in, for
example, U.S. Patent Application Publication Nos. 2007/0158643 (Vogel et al.),
2007/0146426 (Nelson et al.), 2004/0222412 (Bai et al.), 2007/0146426 (Nelson et al.),

25 and 2007/0249087 (Zhu et al.). Transistors often have multiple layers of different material
that serve different functions. For example, there is often a base substrate that can be rigid
(e.g., a silicon wafer) or flexible (e.g., poly(ethylene naphthalate) or poly(ethylene
terephthalate) film). Additionally, there are usually dielectric materials as well as
conductive materials such as the gate, source, and drain electrodes.

30 The method of making a transistor includes providing any of the compositions
described above and then depositing the composition on a structure that includes a source

electrode and a drain electrode. That is, the composition is deposited adjacent to (e.g., on
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such as an insulating polynmer, and 85 to 99.9 wei ght percent sol vent

m xture wth the solvent m xture being 1lto 10 wei ght percent al kane

sel ect ed woamvdsteBe, undecane, dodecane, or a m xture Phensedooanss700 to 99
wei ght percent of an aromatic conpound sel ected from ani sol e,

3, 5-di net hyl ani sol e, n-butyl benzene, or a m xture thereof. These exanpl es
can also contain 0.1 to 10 wei ght percent sem conductor of Formula (I1)
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R I e R e
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prepare a solvent mixture, and the resulting solvent m xture can_then be
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or gani ¢ dakjéeprintingSméthodssqpe fgthen dwictibed, ier gampiein UiSs Patcaedpplicadoy sui t abl e
organi c solvent, or as_a conbination thereof. In_some enbodi nents, the

sol ¥&nt rRubligation No. 208391 46f 28 Nelspret @bhinmsler wimbRdimats thepesited layer

sem cond [ - [ | j Il ..agitation, or
haki ng. af "amsahkyalis 208Rk ToaRl KIS inshheShisht e A, Fly
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anbi ent t'@isEPaing Rlad Qnpysyriniigige syustisite gtrigie daRMpgsitionaveidlt i ng can
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percent O(i%gsei\t@d layer ?s formed using dip coating (i.c., dipping a structure into the composition).
Other suitable methods of forming the deposited layer include, but are not limited to,
flexographic printing, gravure printing, and micropipetting. The surface on which the
deposited layer is formed can be provided from a roll (i.e., the composition can be
20 deposited on a surface of a flexible substrate or on the surface of one of more other layers
deposited on a flexible substrate).

The solvent mixture in the deposited layer is removed to form the semiconductor
layer. Any suitable method can be used to remove the solvent mixture (i.e., dry) in the
deposited layer. In many embodiments, the solvent mixture is removed by evaporation.

25 The various solvents included in the solvent mixture (e.g., the aromatic compound of
Formula (I) and the alkane) can evaporate at the same rate or different rates. In some
examples, the aromatic compound of Formula (I) can evaporate at a rate that is faster than
that of the alkane. In other examples, however, the alkane evaporates at a rate that is
faster than that of the aromatic compound of Formula (I). At least 80 percent of the

30 solvent mixture is removed to form the semiconductor layer. For example, at least 85

weight percent, at least 90 weight percent, at least 92 weight percent, at least 95 weight
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resul ting conpositions can be stored before use in the dark. |In another
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functions. For here Is often a base substrate at can be rigid
15 temperature hlgher than ambient temperature, the evaporation can be camed out under an

inert atmosphere, such as a nitrogen atmosphere.

Alternatively, the solvent mixture can be removed by application of reduced
pressure (i.c., a pressure that is less than atmospheric pressure) such as through the use of
a vacuum. The solvent can be removed at any suitable temperature such as those

20 described for use when the solvent mixture is evaporated.

The rate of removal of the solvent mixture from the deposited layer can affect the
resulting semiconductor layer. For example, if the removal process is too rapid, poor
packing of the semiconductor molecules tend to occur during crystallization. This poor
backing can be detrimental to the electrical performance of the semiconductor layer.

25 The compositions can be used advantageously for forming semiconductor layers in
small, discrete areas on the order of hundreds of microns or for forming semiconductor
layers that span large areas. The deposition of the semiconductor layer from a
composition containing an organic solvent can be a complex physical process. Many
properties of the composition and the surface on which the composition is deposited may

30 influence the performance characteristics of the semiconductor layer that is formed. These
include the surface tension of the composition, the interfacial tension between the

composition and the surface on which it is deposited, the rate of evaporation of the solvent
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(e.g., asilicon wafer) or flexible (e.g., poly(ethylene naphthal ate) or

pol y(ethyl ene terephthalate) film. Additionally, there are usually

di el ectriworntersieBs as well as conductive material s suelTas200m4354at e,
source, and drain electrodes. The nethod of maeking a transistor includes
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Alternatlveﬁy, tthe et fiod h°neP udes providi’ng any o € COmposI t’i ohs

descri bedoalilite ofithd drhgic sepiesiductdd it the seBepQasixhironhadi@eest to (e.g., on
or in contact with) a dielectric |layer. After depositing the conposition,
at | east SBOCH#PEHEN BEHEORgandF squHeoslyrior Ht thaselyeitanixgirg BRRR/ARPPBEAR ©f ng i n

the for L on.. of ] t yer.. e of form ng

t he %epgg |L% g%lq%gﬁélgg%%g%é%ﬁgggt. 19{Xrtldmg’oa{?rrllg,i ﬂé@%ﬁ'@? Pnféar??tg%ﬁ%ﬁggg@gosi ted | ayer

i s fornedchsdéongdudtokihet fopns. NBothghd dbselute §ulifice MRS hndEvapsratiopesed efthent o a
conductive material or dielectric material using an inkjet print head).

| nkJet pripdividygl sebeonids the wlyant preprepad dhipedptionge e@@bam%qré{lax ¢ffagt the pat ent

Appl i cati . I i 2 ef . I

AR R R R T R
coati ng (the solyerit hex@eniBeshbdvamaysa@gp thegiriotmaardhatattedstimiod theaorraed
dielectric material and is then spread to a thin layer by using a knife
coat ng BERRONERCRYIa¥H: nning the structure to distribute the conposition

over it). Knif i i i e f.ur i or
oxarpl e i n U Q2 L8O AR B HR pERRL b B e M S B S Voger | et
al . ). I n sstvicht moitine ntereigho thiwee thcscontdeeatfdposiht edmbpagiton o1s tHeaub®chtauisidng di p
coating (i.e di pping a structure into the conposition). Other suitable

a

O, h np )
met hods dPaY Relpdsdyce ranme st dig emtachiiag bstyesiiths copppsitppanbihe subytipiy t o,

ot oIRGB BEANY o A GLRRIPEL g 2o on
conpdsi t i(bn Tenllkacdefoshdved sorfage tsngidratees thhn a8 diyeos/doh,dessulesit 2at e or on t he
surface o yn(e)sr}gm,o lfess t gf 2.’%) Ei}r)r?ers/clrne,‘%? {esss than 24 dynes/cm at 20°C. After nucleation of
the organic semiconductor at or near the contact line, the lower contact angle and perhaps
the reduced pinning may help the organic semiconductor to crystallize and grow along the
substrate or on the plane of the substrate rather than up off the plane of the substrate while
20 the solvent evaporates. This is particularly important when charge transport in the organic
semiconductor adjacent to the substrate is critical to the performance of the semiconductor
device, such as when the composition is deposited onto a gate dielectric in the fabrication
of a thin film transistor.
More particularly, when small features are desired (e.g., on the order of 1 mm or
25 less), the aromatic compound of Formula (I) often is selected to have a relatively low
vapor pressure such as less than 10 mm mercury, less than 5 mm mercury, or less than 2
mm mercury at 20°C. If the only solvent included in the composition is the aromatic
compound of Formula (I), however, the resulting semiconductor layer tends to be non-
uniform. Nucleation tends to occur at the perimeter of the deposited layer and crystals of
30 the semiconductor often form predominately at this perimeter. Additionally, if the

aromatic compound of Formula (I) has a relatively high surface tension such as greater

than 30 dynes/cm, greater than 32 dynes/cm, or greater than 34 dynes/cm at 20°C, crystal
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deposited on a flexible substrate). The solvent m xture in the deposited
| ayer is renoved to formthe sem conductor |ayer. Any suitable nethod can
be used twonemns®78he sol vent mxture (i.e., dry) in thecCuaseaoness7i ayer.
In many enbodi nents, the solvent m xture is renoved by evaporation. The
various solvents included in the solvent m xture (e.g., the aromatic

conmpound of Forrmula (I) and the al kane) can evaporate at the sane rate or
di f f er entgrewtheaf the seraiserdusios msteinl tonde todcorfhthicd lesral suamy sebstr&smNIZINg ) can

evapor at e[h%"éroﬁlalﬁgt glinhgﬁadl (%(sto%ﬁfaeﬁ WM alﬂ%gealgvil{g;& %0‘;118.6{( é%?@dnf BmbP f(?,'a n that

exanpl es, owever, ane evaporates a ra aster

of the artematchfbos arRadsab ré@itihlkiee folmatioh oflcB@sdls Stkerpies @it d&ositte sol vent
m xture is renpved to formthe sem conductor |ayer. For exanple, at |east
85 wei ghtlaysspaé gtowthplangdkg substraie sythacep dihewralkangs ofteBavegsugfargtensiper cent |
at | gast i n I i 8 wei ght
per cégnt, lgst% t@a%{]aﬁgé@@l’ Igﬁ%% ﬁ%lé r2 §st{{j?59%HF’V1§%SQF%na§f&B§§%mW§% 15%§ﬁ%% rzge nt of the
sol vent mdyxtdierd at 30%enoved. The sol vent m xture often can be evaporated at

any suitable tenperature, In sone nethods, the solvent mxture is

evapor at ed at finadly: wheyeymaallifeatupes ase desyicdy the abapnpehidad &1 e selventr oom or
facility Jj i C |1 . i I o Fie 1qds,
the sol vehRPLdhe  BietRRAT vt P pdif SEL SFC IO gale bR

t enper at wfehe fromadx asmpa@indafFoaheln (Hudhdy deldsgoh hey sédultdh un epdmnal be heat ed
to a tenperature hjigher than anbient tenperature. The solvent can evaporate
at &0 t engesiEupt@ydtovati-o.Mypngap dowa in the gempagitien agihe slysnt i pmeevedengd east

S00C, at 111 Rhd {Bot%gfoﬁ{atihﬁ 3 %en?iggrﬁuc%'% léﬁe;[rslh\gﬁﬁ &]())tg‘g%%lecy?&l é@ﬂfé’rﬁﬁﬁlﬁg an

evaporate at a tenperature of no greate no greater than 900C
no gr eat eérhctdpaimuB)Countof greedkare it FasoRRAGnixnorcgnaadl v thhaonte@dme or no
greater than 500C. In still other nethods,. sone. nost of the solvent

m xt ure CXAYeARPOFRTROSHIOARMi BHIUDEEHB &R Bt Dinecd Qﬁgﬂ_é(rfw # gt kg DyBngent s
con AR il JORPEE B BTy Do e el |
t hahs anbisehtent migpercathd centattimcefi@ap ocat ¢ inwaaihandehe sanicecivotdr ceyscdy  an
grows from the nucleation sites inward. This growth pattern tends to result in a fairly
uniform semiconductor layer.
In some methods, the composition is deposited using inkjet printing techniques or
another technique that forms a deposit having a minimum lateral dimension no greater
20 than about 2 millimeters. Some exemplary compositions particularly suitable for
deposition using inkjet printing techniques include a solvent mixture that contains 1 to 12
weight percent decane and 88 to 99 weight percent anisole, 1 to 10 weight percent decane
and 90 to 99 weight percent anisole, or 6 to 12 weight percent decane and 88 to 94 weight
percent anisole. Other exemplary compositions particularly suitable for deposition using
25 inkjet printing techniques include a solvent mixture that contains 1 to 12 weight percent
dodecane and 88 to 99 weight percent 3,5-dimethylanisole, 1 to 10 weight percent
dodecane and 90 to 99 weight percent 3,5-dimethylanisole, 3 to 10 weight percent
dodecane and 90 to 97 weight percent 3,5-dimethylanisole, or 3 to 6 weight percent
dodecane and 94 to 97 weight percent 3,5-dimethylanisole. Still other exemplary
30 compositions particularly suitable for deposition using inkjet printing techniques include 1
to 12 weight percent undecane and 88 to 99 weight percent n-butylbenzene, 1 to 10 weight

percent undecane and 90 to 99 weight percent n-butylbenzene, 3 to 10 weight percent
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i nert atnosphere, such as a nitrogen atnosphere. Alternatively, the solvent
m xture can be renoved by application of reduced pressure (i.e., a pressure
that is |Iwex0MiAEm7at nospheri ¢ pressure) such as throughPCasa&e/oafs7a
vacuum The sol vent can be renoved at any suitable tenperature such as

t hose described for use when the solvent mxture is evaporated. The rate of
renoval of the solvent mxture fromthe deposited | ayer can affect the

resul ti ng'ndegrne GAd A8 to?7 Waight perryrt nebudyipenzeng.for fHie 8 vesigh ergshioeslseancs t oo
rapid, POy 8996%8%1%‘1%&8&}3&1 %ﬁ%gﬁi et or nol ecul es tend to occur during

crystalllzatlon can be detrinental to the electrical

per f or mance OfIntolﬂ&:erd@rlﬂblﬁélﬁpodltaMﬁﬂ’s depduite€ ann@ S itédhaipic cach Lelipised
advant ageously for form ng sem conductor |ayers in small, discrete areas on

the or dercodfinQimdotss teshnifiie Hehformps afdsposigraningy BEWnEEHAGE dimegipdr s t hat
spang | ar ?%ea%retﬁ?n abor{'l‘te2 %Hﬂﬁétéﬂsogoﬁ)l fcg%%]tﬁ can Igﬂh!l%’ﬁggaljtl?‘é(lg{l%%ﬁl?a@leaﬁor

COI’TpOSIt n contal ning an organi ¢ So

process. ddpoyitign Gyeg tilp&s)a@fig febienigeuspedidd Osolend nfik@rstiaf @aein whixh the
conposition is deposited may influence the performance characteristics of
the seni chHghfdicerent dgrane, Nﬁéﬁca}l@ dodeqrae. orprakEue Herapdend AR ta P Matedt t ensi on

of the Cg&@é\%ﬂ{ﬁ'bﬁ&lbeﬁﬁ 'ﬁ"tc?ﬁ(?@/glg% Rér‘é&ﬁ'd%@a ClREM! 36 ? de‘é&’d@o&féﬁ%ﬁﬁr And the

surface ép03| rate of’ evaporation of

soI vent mitkérgsRandtdteo Voraegie peaknt butgtivhasic, 4 tnE) weighegstcdndee@posi t ed
05|t| on and the surface to pin or recede upon solvent evaporation, the
\u stdsi t yingecanpedadssangseta Bicture ﬁbﬁr%f 8 9Pjte yo &rel&hﬁ @e@P@éhP‘HY@é%e@S,rﬂiuct or

in the so %Qo%elgh afént éé&ﬁ qﬁ%{éueoc{od%&'a‘h%r&aa?rﬂ I‘e‘?ﬁ%r&;fahﬁ@z% ggni ¢

sem conduct or e so ven re upon evaporation o e various
sol vent s weiglithercat N—éntylhfﬁnxémr e)tharmkemb&mz corapaditidnbindludy a $dbecno hgantc
sem conductor that forns he absol ute_ surface tensions and

evapor at itB# ceateEs lgp léw&elghfdﬁewwéﬁ 886 V& mcieht Rechiy ablfe Ao f Xeighé and

their r e'p%h‘hﬂ{‘d c9n§%&f‘§§{o@w&gﬂt O&?Jeﬁ?&m&&l@ WOC\Q&I%H%PJ ni @tGhe addbohe

addi tion e chang t hese erties int edep i'te ayer as t
sol ¥ent o R0 wredglit peroenmanisdlayay 3 &b l@wtelghhperpettfdecamrmé 90 hapaeoteaght ptrices of
the for rTea(rjnsole or 6 to 10 weight percent decane and 90 to 94 weight percent anisole.

The relatively low temperatures used to deposit the composition to form the
deposited layer and for removal of the solvent mixture from the deposited layer to form
the semiconductor layer permits the use of a variety of substrates, conducting materials,

20 and diclectric materials. That is, any of these other layers can be formed of materials that
are typically considered sensitive to heat. For example, For example, the substrates or any
of the other layers can be flexible, polymeric materials.

Transistors having any desired architecture (with respect to the location of, for
example, the semiconductor layer, the contacts (source and drain electrodes), and the gate

25 electrode) can be prepared. In some embodiments, the transistor includes a bottom gate,
bottom contact architecture.

The properties of the resulting transistors such as, for example, the saturation field
effect mobility (p), can be varied by varying the composition. The saturation field effect
mobility can be determined by, for example, measuring the drain-source current (Ipg) as a

30 function of gate-source voltage bias (Vgs) from +10V to -40V at a constant drain-source

voltage bias (Vps) of -40V. The saturation field effect mobility (p) can be calculated from

the slope of the plot of the square root of Ipg against Vs using the equation
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sem conductor |ayer. Although not wishing to be bound by theory, the
addition of the alkane to the solvent m xture tends to | ower the contact
angl e of wbheoworspwosi ti on on the substrate and may hel p PeaoSeooionisTng of
the contact |ine between the conposition and the substrate. The al kane
typically has a | ower surface tension than the aromatic conpound of Formul a
(I). The al kanes often have a surface tensign | ess than 28 dynes/cm |ess
than 26 dynes/cm |ess than 25loyne¥@Ycsof) I'eds than 24 dynes/cm at 2Q0C,

After nucleal bOQ%h%stE{]ﬁc ‘8{4%%{? cﬁ%?'iﬂefg%?da‘%&ﬁqcawlﬁ thd'G8h nél?y% gﬁ?pﬂ)t ?ﬁ;[e line,

the | ower conta uced pinning

organi ¢ sehahid g€, and Vplsctne/ﬁltr@hbldmuag'ej ag aewnaéd)rmgh& E@arﬁpllagtmé énifofon t he
pl ane of the substrate rather than up off the plane of the substrate while

the sol veWi thevapcapedh, apdils theschsanel, I@Lgﬂaarlewfﬁeﬁrﬁaﬁr 819t (C\jh SOOI B)-
transport in tfg f?eﬁ(?é‘ﬂéc? n%o%”ﬁtﬁ?@ﬁéé%tb% ot L 3&%@ C{\ﬁ D&y %e‘é‘é’t%{%ﬁt PRy - s

critical to the or man em conduc as whe

conposi tlaﬁltbastslxdeﬁ(@ﬁizl\eé A dadt ﬁcl@étdmzdl’-ej & ¢Easi 1:x1|0ri’ otrrﬁévisahru:asajxl@rf’ of a
thin filmtransistor. re particularly,, when snall features are desired

(e.g., orpnﬂﬁ\éSo@td%e}stbﬂOlrﬁwéYSL @deyst Sy HE Mﬁ@e%%%n@né‘f/ seF#ul a (1)
often is sglectf rﬁl?v*la‘iﬁgc?mé el Bb UMY, {h%‘ﬁel’c?&? ot g{?%gﬁ%@ osf*éﬁ@re&ﬁn{qgss t han

10 mm nercury, 1|ess nm nmer cury, ess mercury at~200C.

| f the ontansiselwend ficldelfiededobitityt thet is highesihtn other Satdi@oradcvitet pepaedpound of
For mul a (I) however, the resul{ing sem conductor |ayer tends to be non

uni #&r m fREBING RS wripdystor Bysickem agomnesitign haviag adiffirentireVBIIS t ed | ayer

and cr yst(gffiagtf oine %Iceoﬁ%lé%é%garlgﬁ%@{{bﬁ@{) rrptﬂé ﬁ%&l‘%‘g@%&rﬁ cXP&Ic c}rhh er

perimeter |t|ona y, if th ou ormu as a

rel ati velfgrihédfiomuld enepdséivgk doscsibedhasings eatemotdiano@dbledy nmm!s@lﬁ] greater
than 32 dynes/c reater than 34 dynes/cm at 200C, crystalgrowth of the
sem condl}E’&’H?V“Fg{héﬁe cffechmobilty pempred fhprepiogHs kepwhsARPRLIBRTSY at es. M xi ng
the aromatic conpound of Fornula (1) with an al kane having 9 to 16 carbon
atonms or 10 to 12 carbon atoms tends to result in the formation of crystals
ovet5the entire deposited Examples

Unless otherwise noted, all reagents and solvents were or can be obtained from
Sigma Aldrich Co., St. Louis, MO.

Unless otherwise noted, percentages of components of compositions are weight
percentages.

20 The term “DMA” refers to 3,5-dimethylanisole.

The tem “nbb” refers to n-butylbenzene.

The term “PS” refers to atactic poly(styrene) having a number average molecular
weight of 112,000 grams/mole and a polydispersity index of 1.05. This poly(styrene) was
obtained from Polymer Source, Inc. (Dorval, Quebec, Canada).

25 The term “PS2” refers to a second poly(styrene) having a number average
molecular weight of 50,000 and a polydispersity index of 1.06. This poly(styrene) was
obtained from Alfa Acsar, Ward Hill, MA.

The term “TIPS” refers to 6,13-bis(triisopropylsilylethynyl)pentacene, prepared
essentially as described in U.S. Patent No. 6,690,029 (Anthony et al.).

30 The term “A-DIPS” refers to 6,13-bis(allyldiisopropylsilylethynyl)pentacene. This

compound was prepared as described below.
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| ayer and grow h al ong the substrate surface. These al kanes often have a
surface tension | ess than 28 dynes/cm |ess than 26 dynes/cm |ess than 25
dynes/ cmwonoterss978han 24 dynes/cm at 200C. Addi ti onal | YCTRise099mEE71
features are desired, the al kane included in the solvent m xture is often
selected to have a boiling point that is 50C to 350C above the boiling

poi nt of the aromatic conpound of Fornmula (l). This selection may result in
an opti mal recThedellnai‘]@rp{%)S”dﬁfeﬁ togh, 1 3-Rasrddiserapylfd-ow) in the conposition as

e 20 Sty ISUEOLRORIRY 168005 IS, RTBLLER, Sl SRmEOLet o

al kane in the HeltyentCDIPSUrERRY 6aB3L ow t he contact |ine between the
conposition and the substrate to be pinned initially for a short tine.
Duri ng t Higcyqlepsopy didsopsanybnlylsthynybpentaseaendhiscomprardvpaprepdedas. Upon
further r(%ggﬁb%hbgfo& he sol vent m xture, the contact line often recedes

i nward an e sem conductor crystals grows fromthe nucleation sites

i nward. This drewetn PBIDIESH réfends 6110-ig8Wit-1in a fairly uniform

sem conductor. | ayer. In sone nethods, the conmposition is deposited using

i nkj et pranpiidiiseprerxd piklefhway| Mentaeich dhis Uyt avas REPAFdrTECIeriRep BelY - havi ng
a m ni mum | at efal 0 PPAEH PR %‘F‘@S&%fuﬁgﬁn about 2 mllineters. Sone
exenpl ary COﬁpOSi?IOﬂS particul ar suitable for deposition using inkjet
printing technitguesn i'MeDEacfersolii@hinoli Xt ure that contains 1 to 12 wei ght
percent decane_and 8 wei ght, percent anisole, 1 to 10 wei ght percent

8 to 99
dectthe and 90 ?@tWV\Bpgﬁrefﬁ&@%@hl&Wa@?- or 6 to 12 weight percent
decane and 888131#%,[%%‘1]1 ‘e“&iflgr&&é%‘g[ecﬁ@A@ﬂ‘eP&A & a SnlBolitoX SR BhM4inc@ TRPRI | ons

particularly osition using 1 nkjet printing techniques

i ncl ude anedifivenircomixtianopartibial depaked s fdlymdizzabk @hipopeiva and seledecane and

88 to 99 wei ght percent 3,5-dinethylanisole, 1 to 10 weight percent

dodecane HKProrratipngy tb\%P%}Welﬂ%ﬁbé“e%‘i_ O/ sumpartaRyh deicsiBredelavt o 10 wei ght

per cent pgggggfmtm“&&& 2 OAMRER Mo PEERte Resrlly TR AgLRa O 3 to 6
15 polymerization (i.e., curing) of the polymerizable ZrOAc composition.

The term “CE” refers to Comparative Example.

Preparation of Polyvmerizable ZrOAc¢ Composition

Zirconia nanoparticles were prepared using hydrothermal technology as described

20 in U.S. 7,241,437 (Davidson et al.). More specifically, a first feedstock that contained a
zirconium salt was subjected to a first hydrothermal treatment to form a zirconium-
containing intermediate and a byproduct. A second feedstock was prepared by removal of
at least some of the acidic byproduct formed during the first hydrothermal treatment. The
second feedstock was then subjected to a second hydrothermal treatment to form a

25 zirconia sol that contained the zirconia nanoparticles. The dimensions of the nanoparticles
were determined by transmission electron microscopy. The nanoparticles ranged in size
from approximately 1.8 to 11.2 nanometers (nm) with an average particle size of
approximately 4.7 nm with a standard deviation of 1.3 nm. The aspect ratios of the
nanoparticles ranged from approximately 1 to 3.4.

30 The zirconia nanoparticles of the zirconia sol were then surface modified with 3-
(methacryloxypropyltrimethoxysilane by a process similar to that described in Example 2

of U.S. Patent No. 7,264,872 (Walker, Jr. et al.) except that only one silane was used. The
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dodecane and 94 to 97 weight percent 3,5-dinethylanisole. Still other
exenpl ary conpositions particularly suitable for deposition using inkjet
printing wochwigues i nclude 1 to 12 wei ght percent undeeamasand/ 0887t o 99
wei ght percent n-butyl benzene, 1to 10 wei ght percent undecane and 90 to 99
wei ght percent n-butyl benzene, 3 to 10 wei ght percentundecane and 90 to 97
wei ght percent n-butyl benzene, or 4 to 8 weight percent undecane and 92 to
96 wei ghtsilpes. adreh wahirmpthwerdeneronyhtigmpiéex yhelp o dsconmercidysiablon i s
deposi ted i hini di t . r hpi que t hat
form o dudSLPE ot FRPLANE shEsT /0 Dy R GR Bl BT BB, HRE  hiou: 2

m | | i met grscesSauEltaMamuatye ®odifies zirteis nfdphiteWsaidpyrsto. t abl e for
deposition using dip coating techniques include a solvent m xture that
contains 1 to Hp %tjﬁowowgémoru@em?ﬂ@mmﬁ@n wesleeabiacd vithdris?xt ur e

t her gof I e : ] I er cent
decdne, URGEESSESDESQUBLAN (RERERTTL AL KRFAERR bRy URRAS bl
percent rSaplein¢t DenEenExtoh, PA) A0d WhiyghikypilsteryIpasdketont (6 phatmitidedecane,
or a mxture thereof and 90 to 96 meightBEercent n- but yl benzene, or 4 to 8

wei ght  pervaidalc wedes e tragsdlstigptiond BGEHaHRE 18 fiomp{CihauTarrytemed ) atd 02 to

96 wei ght h- 1, O Lti ude a
sl vens o NRnE S SR RS ER R Son, P ol & R AL RIRAR A A Oy
percent aXlpaiohesar3Waed HAL WeAYhThpermiignéd teranis vandmB&dtvia AR gk&icgltrimer cent
anisole, 1 to 10 wei ercent decane and 90 to 99 wei ercent ani sol e,

ht, ht )
or Hto 1hegpixghe waég&?ﬁeech@craw ayiotdiop ysigg ahsthysmp %ﬁF 6aki@¥ e, or 6

to 10 wei d - ]gﬂ& ani sol e. The

rel ati vel‘%b{l%tgv% fei%?pie{rgéwgﬁ tgs@g%&fo%}eg%%ﬁ%#?é t e1 gﬁﬁ&%g&ﬁeﬁ on to formthe
deposi t edntthylethyteebrkpand empttakymbpimhe-os.oTherdsuliing inik@rd canminde deposi t ed

| ayer to form the sem conductor |ayer permts the use of a variety of

subst r at S®PreFRMGRS - hy et Bercentof tarhyfioxaethyhisogyghwiicdriacryltSR-s, any of

hese, ooty ALl R ko gy cone 0
ot hes | ayerencail -hedrbkgogichihexylplodnyhiestoie: (haseurcdBs), and 50.0 weight percent of
3,5,5-trimethyl-2-cyclohexen-1-one. The resulting mixture contained 50 weight percent
solids and 40 weight percent of surface modified zirconia nanoparticles. The mixture was
cooled to room temperature and then filtered through a 1.0 micrometer filter into a clean
amber glass bottle.
20
Preparation of A-DIPS
Dichlorodiisopropylsilane (4.00 grams, 21.6 mmol) and anhydrous THF (20 mL)
were added into a dry 250-mL round bottom flask equipped with a stir bar. The flask was
equipped with a dry condenser. Allyl magnesium bromide (22.0 mL, 22.0 mmol, 1.0 M in
25 THF) was added to the flask through the condenser to form a first mixture. The first
mixture was heated to 63°C for 12 hours, and then cooled to room temperature.
Trimethylsilyl acetylene (2.36 grams, 24.0 mmol) and anhydrous THF (12 mL)
were
added to a separate dry 100-mL round bottom flask equipped with a stir bar. The 100-mL
30 flask reaction mixture was cooled to 0°C, and then n-butyllithium (9.2 mL, 23 mmol, 2.5
M in hexane) was added dropwise. This was followed by stirring for 90 minutes to form a

second mixture.
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Transi stors having any desired architecture (with respect to the location
of, for exanple, the sem conductor |ayer, the contacts (source and drain

el ectr odesP20emid1478e gate el ectrode) can be prepared. | RrCTarseooemipsdi nent s,
the transistor includes a bottom gate, bottom contact architecture. The
properties of the resulting transistors such as, for exanple, the
saturation field effect nobility (nm), can be varled by varyln t he

conposi tion. THe 24tk dlaploeortaiaing thd reaetommisityie(ic. cthp fipd n@lé m’%éhlelby, f or

8)6(1? gp !sgur ce%\agétag’etng%edge?{)f?%ﬁ?#}l %EW¥%YO§ Yfg\%/ aefl?yéﬁlgo'n ?ﬂ) &19 ral n-source

vol tage bhixsuré WRSHl®kcd BQ¥r oVdiaighatThcabimbmell ingikthreivhetien @a@ﬂehnﬁw 100) can be
calculated fromthe slope of the plot of the square root of |IDS agai nst VGS

usi ng_t henkgefarateshiNBe sokyipn. iod rigsgdbwithp lnhkexencanddiety] ehecnigiee (100
ol - T Ahe bR Sordl 85k E iy AP AN M Kl il J

Exanpl es. ofﬁhbhmn& Snd)ﬁlemyl tther mfmmelommdb M heanghnlic pdrfiencwaenbirdgt h are

often the sane romet e The field effect nobility grr) can be at
| east 1xV® sdwbml@f (5%mh)@a§1brlss‘< (250mb). ckigd gver, magnepisstulfases fiegd cang/ v-

at Ieas'f Cg)?gﬁnqraf}edgjl{géo\%@fv%;né% st 1x1 0 3 cn2/V-s, at least 5x1 0 3

cnR/ V-s east S, at least 5x1 0 2 cnR/V-s, at least 1x1 O
1 cnR/V-s, or Hie ﬁr@(&ﬁﬂt Wéé(ta@elluplﬂIQTHFS(SO hil)s oMeh &b edumresdtvsith KheOs ( 1iod
effect mobi ity resulting transjstor _has a field effect nmobility

t hat0i s Hpghwps %ﬂfﬁiéﬁ fsilﬁwd by atiging ey 2 brays-c Bty (ehar e andPexage il Wynthe
sem condygtor d&e%y%d €h%%¢%a%1@%ga%ds s'egepaéaav Tﬁgv&te&* llef};efa{;vﬁpgxtﬁa%l[el\ﬂ%%gunQQOa

different Sol vent m xtur cryst nmor phol ogy 1"'n ere
sem conduaL dexdnay edd theongadid lapers e @attpesd. tTHeentbéscrdrietc h@élelvvbre s often
nore favorable in terns of inproving the field effect m)bllltéecorrparedto

previ ous|WRsREbWh v d <P mldn%rledemﬁmaé%eswﬁv sul&atefisras ard sbicsted tay |
reagent ﬁ/g@ﬂ}én§81a15§ﬂah§n."ﬁ{e%r8&uc?%s B0 & Qb CRBtSIE Y @11 R afPand St -

Loui s,
15 DCM), yielding 1.7 grams of a colorless oil (9.4 mmol, 44 percent yield). Analysis of the

product provided the following data: "H-NMR (200 MHz, CDCls) 8= 5.87 (m, 1H), 4.94
(m, 2H), 2.39 (s, 1H), 1.70 (dt, J = 1.4 Hz, 8 Hz, 2H), 1.08 (s, 14H). This is consistent
with the formation of allyldiisopropylsilyl acetylene.
The above allyldiisopropylsilyl acetylene (1.62 grams, 9.36 mmol) and anhydrous
20 THF
(20 mL) were added to a dry 100-mL round bottom flask with a stir bar and cooled to 0°C.
An aliquot of n-butyllithium (3.1 mL, 7.8 mmol, 2.5 M in hexane) was added dropwise
and the solution was allowed to warm over 1 hour. Then, 6,13-pentacenequinone (1.22
grams, 3.89 mmol) was added and the mixture was stirred for 48 hours. The reaction was
25 quenched by the addition of 0.5 mL of saturated NH4Cl1 solution and then diluted with
MeOH (60 mL) to form a reaction mixture.
In a large Erlenmeyer flask, MeOH (600 mL), SnCl,*2H20 (2.60 grams, 11.5
mmol),
and 25 % HCI (2.5 mL) were combined with stirring and cooled to 0°C to form a second
30 solution. The reaction mixture was added in a slow stream to the second solution and
rinsed in with additional MeOH. Additional 25 % HCI (3 mL) was added, and the mixture

was stirred for 20 minutes. The mixture was placed in the refrigerator for 1 hour and then
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Unl ess ot herw se noted, percentages of conmponents of conpositions are

wei ght percentages. The term "DVA" refers to 3,5-dinethylanisole. The tern
"nbb" refwo0t9015mM7BUt y| benzene. The term "PS" refers toPaTASRI®/045571

pol y(styrene) having a nunber average nol ecul ar wei ght of 112,000
grans/ nol e and a pol ydi spersity index of 1.05. This poly(styrene) was

obtai ned from Pol ymer Source, Inc. (Dorval, Quebec, Canada). The term "PS2"

refers tdilé@r@bf@oh@ldr}oi grems pF & geenish hrﬁgsoadnlilm)@ﬁulav@s@gﬂewmlé@meérlnweu ght

f 50, 00Q t
obt at ned PGPS HELRRHE Ml Rhserts BB ol bkt EAG, P
6,13-bis gﬂug | BRREORhEEdW BBy PENtAGeNBe pRigepai B@kaﬁs SEﬂatpradldcY was

described in U S. Patent No. 6,690,029 Anthonr et al.). The term"A-Dl PS"
refers tolgedssipg 3 al mpyteiciod bpraasy g PEMetHgrsg V)%pfe\ﬁw@méed tphyiglddehpound

r r- -
6197 bi o it BERMIFSGHd. 16S ORI PUS JORL e SeRiietinh®d §hiich8 o remars fa
pr epar ed @sendi@gtiritypand bikdvoyd to'UﬂyiStéIEZdTO eﬁnglhtPS set@fdetesrybtallGatl@r from
bls(cyclopropyldl|sopropyIS|Ighéthynylepentacene Thi s conmpound wa

pr epar ed 3&stog¥ekdcddad Sapmnof Tive needlen (Op2ppmgt, 1p pregest mld) Analys1s of the

6, 13- bi s( h RO d was
preparedlﬁgpﬁgggggﬁkgc ?thgﬁkﬁbbgwgln¥@%"ﬁlag(gﬁﬁgﬁ%%trdibggofurgh The
term " Me @), g of(ed,9 + 9.4et, BENOL 4 (dd) e <t 24 M2, DIV6.Iselhensl)! 91 dinchHpOEL hane.
The term "pol yneri zabl e ZrOAc" refers to a conposi tion that contained
surt@ce b 1 B3eld4 fir 28Mk a nanoparticl es dispersed in a pol ymerizabl e

conposition and sol vent.

Preparation of IP-DIPS
2-Bromopropene (4.32 grams, 38.6 mmol) and anhydrous THF (20 mL) were
combined in a dry 250-mL round-bottom flask with a stir bar, and then cooled to —78°C.

15 An aliquot of n-butyllithium (14.8 mL, 37 mmol, 2.5 M in hexanes) was added dropwise.
Stirring was continued and the temperature was maintained for 10 minutes, followed by
the dropwise addition of dichlorodiisopropylsilane (6.85 grams, 37.0 mmol). The mixture
was allowed to warm and stirred for 48 hours to form a first mixture.

In a separate dry 100-mL round-bottom flask with a stir bar,

20 trimethylsilylacetylene (3.93 grams, 40.0 mmol) and anhydrous THF (10 mL) were
combined and cooled to 0°C. An aliquot of n-butyllithium (14.8 mL, 37 mmol, 2.5 M in
hexane) was added dropwise and stirring was continued for 2 hours to form a second
mixture.

The first reaction mixture was cooled to 0°C. The second mixture was added to the

25 first mixture by syringe, and stirring was continued for 12 hours. The reaction flask was
emptied into a saturated NH4Cl solution (100 mL), and then a 1:1 hexane and diethyl ether
mixture (100 mL) was added. The organic layer was separated, and the water layer was
extracted again with the 1:1 hexane and diethyl ether mixture (20 mL). The organic
portions were combined, washed with water (20 mL) and brine (20 mL), dried over

30 magnesium sulfate, filtered, and concentrated via rotary evaporation. The product mixture
was dissolved in THF (50 mL) and then MeOH saturated with K,COs; was added. Stirring
was continued for 2 hours. Water (100 mL) and hexane (100 mL) were added. The
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The preparation of the polynerizable ZrOAc conposition is described bel ow
The term "cured ZrOAc" refers to a conposite resulting fromthe drying and
pol yner i 280i2009/151978. , curing) of the pol ynerizabl e Zr CAeCearsp@iogisen. The
term"CE" refers to Conparative Exanple. Preparation of Polymerizable Zr OAc
Conmposition Zirconia nanoparticles were prepared using hydrot hernal

technol ogy as described in U S. 7,241 ,437 (Davidson et al.). Mre

speci f i calrggnic lyey vag sepaigtpdiapé khanhysashedwithivader (30 il cditduamcs Blagnegasn

subj ecte flrst 0 r et { i iU i ni ng
"t er mea s B oS A TR bR PR ST P LB St o

at | east (26 nxhol, Ne pactistiyiclBy pmatiuBtof iy ¢otst ikl bil peodulbeprolidsd thry dr ot her nal
treatnment. The secorpd f eedst ock was then subjected to a second hydrot her nal

t r eat mentfollewingrdatag Hil¥MBr260 8z (HAE s L& mtSa lHhe5.21 fwohilh 2ri@rapdik i cl es.

The di nensjons t n arti.cl es re determ ned by.transm ssion

el ec?ron%%&bé@gp}yd}e(ﬁgq no ésr]tsicgpséssetﬁé"ﬁlgbt eirp%méai%%%lfrom approxi matel y
1.8 to 1llschropnQnBhkeisp(lfinl avétyRn@n average particle size of approxi mately
4.7 nmw th a standard deviation of 1.3 nm The aspect ratios of the

nanoparti cl es Therideuc fsppiepeippdissepremy bsilyl acetydens. (3.00 R il pdoningl) and

nanoparticles of inGonia sol. were th suyfac difre i.th 3-

Cnot bacr yPBEarh U € niidrnss s & fhiniE ity S oL BE BRPL ARE Whidstoscr i bed
i n Exanplir2A6tr &boBing et itk tNO°C,m-BE4HBHIEm((Y% KB 14 dhimol €1.5 M inhe@¥eHpt t hat
Onlrri@ one silane was used. Thesil ane, whi ch was

3-

hac ryasoxdpt digpwyser ittty gsedandnecd fos 2denrisepdpdleniacencapingb¢ €l-4inder t he
trade des 'r%?,téll.é) Bl A ER e A add £ grt%qi?(@éeegfa§ L GPRESS b LA refe 12911 wal®

process resurted I'n a surlace nmo i'T¢oni a nanoparticles di spérsion.

The sur f agenérediblyitesladditixO6¥ (BS AANGMMfdrated BIHACS Rtidr) AndvERn GOloRRidREEh Wi t h
tris(2- hydr%i:(@/et hyl )i socyanurate triacrylate (avail able under the trade
desi gnat iMpOBRS8 mE-)ite bors fifsd FRECti@pMINtRE. . Exton, PA) and

Ly onyeye] oI 62 £y AR Al A e o

15 (800 mL) and 25 % HCI (5 mL) was added to form a second mixture. After cooling the
second mixture to 0°C, the first reaction mixture was added in a slow stream and allowed
to stir for 20 minutes. The resulting mixture was placed in the refrigerator for 1 hour and
then filtered to yield a blue-green solid. The blue-green solid was taken up in minimal
amount of DCM (about 5 mL), diluted with hexane (200 mL), and then rinsed onto a thick

20 silica plug. Excess acetylene was flushed using hexane, and then the product was eluted
using a 5:1 hexane and DCM mixture. Removal of solvent yielded 1.35 of a blue solid.
Recrystallization from acetone (about 400 mL) yielded 1.1 grams of blue needles (1.74
mmol, 38 percent yield). Analysis of the blue needles product provided the following data:
'H-NMR (200 MHz, CDCls) 8 =19.3 (s, 4H), 8.0 (dd, J = 3.2 Hz, 4H), 7.4 (dd, ] = 3.2 Hz,

25 4H), 5.9 (bm, 2H), 5.8 (bm, 2H), 2.1 (s, 6H), 1.3-1.4 (m, 28 H); and mass spectroscopy
(70 eV, EI) m/z 634 (100 %, M+).
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solvent 3,5,5-trinethyl-2-cycl ohexen-1-one (al so named i sophorone and
avai l abl e from Al pha Aesar, Ward Hill, MA). The conbined materials were
m xed vi awvoegeetsiesstirring. The mi xture was subj ected POTUSR@OP45571
evaporation using a bath tenperature of 650C and vacuum (6 mm Hg, 800 Pa)
to ensure preferential renoval of the water, nethylethyl ketone, and

| - met hoxypropan-2-ol. The resulting m xture contained approximtely 8.5
wei ght pe‘?r@éhtatb)ﬂl af{G-BIPShydr oxyet hyl )i socyanurate triacrylate (SR 368),

40. 0 wei ght pege modi fi 7] i icles, 1.5

wei ght percen?ﬁgfﬁ%@ﬁ%d&%§V§%%F%§§%y gﬁ%ﬁ§$“@@@§§2“%?p%%?ﬁ?%%%§4), and 50.0
wei ght peillgkiiitoppdpyBilyl &eetyldnaeishydseRatoy e inothe pepaht@neg. A-DIRS besublstitutigg m xt ur e
contai ned 50 wei ght percent solids and 4Q ight p t of r f

modi f i ed cyﬁlpe@ﬁyldn%%ﬁwa%mr@@é&r aBpdnsans P ErqEde c BN MK (200N &éﬁﬁér ature
and % hen §ibht Ar ) i tensfil | ayGl ean anmber gl ass
bot tﬁf e. Pgre%;'gr ‘?ﬁ{ﬁlggu%t}bﬁé’é)%%%%f ?ég Ilglb%lg?’s?'lqggrg’ %ﬁ}‘oo grans, 21.6
mol ) and anhykitequspafitfon(cdtindced sivail&rlyaddeat fonthe pacpdratiod@AFDIPOLUd bot t om

flask equi pped with a stir_ bar. The flask was equi pped with a dry
condensersvgmtmg CREEANHSBPIORY BEY [ asotytengifor %@?@Sﬁﬂ@p,ylswlcﬁcwgwefﬁk) was
added to t 0 to_f I fist ~ 0 ea~The first
e o AR P Bty LOe BORTASSTad BT Gl 4 7 g es T8

t enper at L 4H)) i .mebhil SSHY 0.88q8t, $HEN6.204m38HYr ans, 24.0 mmol ) and anhydrous

THF (12 nL) were added to a separate dry 100-nL round bottom fl ask equi pped
wth'a stir bar. The 100-nL flask reaction m xture was cooled to 00C, and
then n-b %) i 8cmL, 23 mmmol, 2.5 Min hexane) was added dropw se.
Thi s vvas%%’ JE)a\t/\t/ie}’él ﬂ?g??r ing for 90 mnutes to forma second m xture. The
250-nL fl ask crHit edrpai@dtng syeedizarbyindthodssifilatto, thédeeiséd foSfreparxt ure) was
then cooled to 00C, and the second m xture was added dropw se via syringe.
The conbilpyopenyldiisopropylsilyl acetylene discussed above in the preparation of IP-DIPS by
substituting 2-lithio-1-butene (generated in situ by treating 2-bromo-1-butene with n-BuLi
15 in tetrahydrofuran at -78 °C) for 2-lithio-propene (generated in situ by treating 2-
bromopropene with n-BulLi in tetrahydrofuran at -78 °C). "H-NMR (200 MHz, CDCl;) & =
5.76 (q, J = 1.2 Hz, 1H), 5.55 (quint, J = 1.2 Hz, 1H), 2.41 (s, 1H), 1.06 (br. s, 14H), 2.19
(q.t, J=9.5, 1.2 Hz, 2H), 1.10 (t, J = 9 Hz, 3H).
The preparation continued similarly to that for the preparation of IP-DIPS by
20 substituting (1-methylenepropyl)diisopropylsilyl acetylene for isopropenyldiisopropylsilyl
acetylene. "H-NMR (200 MHz, CDCls) 8 = 9.33 (s, 4H), 7.98 (dd, J = 3.4, 6.6 Hz, 4H),
7.41(dd,J=3.4, 6.6 Hz, 4H), 5.9 (q, J = 1 Hz, 2H), 5.83 (quint, J = 1 Hz, 2H), 2.19 (q.t, J

=8, 1.1 Hz, 4H), 1.39 (br. s, 28 H), 1.24 (t, J = 8 Hz, 6H).

25 Preparation of Compositions with a Solvent and an Organic Semiconductor —
Composition Preparation Method 1
An amount of an organic semiconductor and an optional amount of polystyrene
were weighed into a glass vial followed by the weighed addition of solvent(s) to prepare a
composition of the desired concentrations of organic semiconductor and optional
30 polystyrene in the composition and the desired weight ratio of solvents for compositions
that contained more than one solvent. The vial was capped, and then wrapped with

aluminum foil to shield the composition from light. The vial was placed on a IKA
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m xture was allowed to stir overnight. The conbined m xture was then poured
into 100 nL saturated NE"Cl solution, and rinsed wwth a 1:1 hexane and

di et hyl ewvbepowisxe7are (100 nl). The organic | ayer was sepanst@d/o4snd t he
wat er | ayer was extracted again with 50 nL of 1:1 hexane and diethyl ether
m xture (100 nL). The organic portions were conbi ned, washed with water (50
m.) and brine (25 nL dried over ﬂ&pe3|un1sulfate filtered, and

concentrd@%@oﬁlﬁcﬁﬂﬂ e HS&Qhwker (T6A. Wrtks Gmbl e ConkE. Stean. GstmanyTRpd ( 50
Met hs%ﬁﬁ?n\@flﬁﬁ{u?gg&%why% (100 nL) was added, followed by stirring
urs and

for 2 ho exane (100 nmL) were added, and the organic
| ayer was separated. The water |ayer was extracted again (20 nL hexane) and
the organic |ayers were conbined. The conbi ned organic |ayers were washed
wi t h wat direpaiatiomof (cpmpepitians Wity g hobienrrad pp Qrganic Jemeerflucierd —subj ect ed

to s§)I Ve%%lﬁﬁﬁsgﬁﬁ?;k}{%ﬁ@@%%&ﬁ was purified by colum chromatography

(5: 1 hex grans of a colorless oil (9.4 mmol, 44

percent vyi el d)An &nahntsifan of ahtbaaeﬁﬁ@dua&topmwdﬂqdlohhlarﬁ@ht @ﬂ\p}cn tﬁ@h@ 1H NWVR
(200 MHz, CDOI3) d= 5.87 (m IH),. 4.94 I—% 1.70 (dt, J =
1.4 Hz, 8veup wepghed intogezlyss Vlaiam)tammi asma@e@@a i'%%féﬂlﬂowdtw &hﬁévefgheﬁfatu on of

2l gslzd' | SRRTRRM O FRERXPEUS colhe ARRKP Bl iaoar Bl el dhadget VT ene

100- L r oymibdadbdtonarfd cﬁﬁlbnwlioﬂysfyrsﬁd 1Ih thatomyuditdcinddhd desGOCw et adtiogifot  of
n- butylllthl um (3.1 L, 7.8 mol, 2.5 M.in hexane) was added dropw se and
t hel&ol utsmy@nwafgr eaRoRKiPntthrt aRtHNsd dtorg thagene sainent, e vl yencarnsded\di none

(1,229 3 e 8% TR B, LS G s P S, i 8 o>
sol ut i on tahictdha coinpositich frdrinhighte AHe (Okents werostiregdnfoaa headiunoof Nd kéuts.e. | n
a |large Erlenneyer flask, MeOH (600 nL), Snd 2 2H20 (2.60 grans, 11.5
Preparation of Layered Transistor Structures
15 Unless otherwise noted transistors having a bottom gate, bottom contact
architecture were prepared. Such architecture is described in, for example, U.S. Patent
Application Publication No. 2007/0158643 (Vogel et al.). Each transistor was prepared
using one of eight substrates. Source and drain electrodes were rectangular and ran
parallel to each other separated by the channel length. The transistors had a channel

20 length, L, of 100 micrometers unless otherwise noted.

Substrate A was glass with dimensions of approximately 50 millimeters by
approximately 50 millimeters by approximately 0.7 millimeters and having a layer of
sputtered aluminum approximately 200nm thick on one side. The top surface of the

25 aluminum was anodized to alumina (Al,O3) of the desired thickness, typically around 100
nm (75 V). A layer (approximately 300 nanometers to approximately 400 nanometers
thick) of dried and cured ZrOAc was formed on the anodized surface. The dried and
cured ZrOAc layer was formed by coating the anodized alumina surface with a ZrOAc
polymerizable composition by spin coating (acceleration rate of 415 revolutions per

30 minute (RPM) with a final speed of 2000 RPM for 30 seconds), heating on a hot plate at
100° C for 10 minute, and exposing to UV light (i.e., 254 nm germicidal lamp) in a

nitrogen atmosphere for 15 minutes, and then heating on a hot plate at 100 °C for 10
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mml ), and 25 % HCO (2.5 nL) were conbined with stirring and cooled to 00C
to forma second solution. The reaction m xture was added in a slow stream
to the sewondossiarsi on and rinsed in with additional Medr/usdavbiessnal 25 %
HC (3 nL) was added, and the m xture was stirred for 20 m nutes. The

m xture was placed in the refrigerator for 1 hour and thenfiltered to yield
1.3 grans of a eeni sh-bl ue solid. The resulting solid was di ssolved in

m ni mal mw(eéb%md wupge)and giold dretn elpattodpewaiserapondenpepiyed (anmorqm%@m onto a

o 7R8 AHeBom 380 3n IRERXLENS IR ARG al AR A0 RGN T2

hexane. usi n m Xxuture o anes an The

sol vent w@g(mﬁﬂmwﬁﬁumﬁgymﬁaﬁmﬂm@ggrans of blue solid. The solid was
di ssolved in hot acetone, filtered while hot to renpbve a green inpurity,
and allowed to crystallize overnight. A second recrystallization from

acetne yi el dodindfe ALATR G BLUBAPSALES 6 GRuTBhe (AABSICRRL Y1l d).

Analysi s of the ue nee provi W ng data: 1H NVR
(200 MHz ,le@hlydiopechB (a(r§e,n1e’-) H)lth Bre@ls(ldﬂdy leés thaid O4)OHZJhm4¢‘[|)1,, anﬂ sﬁplﬁlﬁkdl J =

3.4 Hz, 4H), 6.38 (m 2819,
Pr epar at i '6ith @)flOQQDAEﬁﬂSH?ﬂB‘%WﬁW%}%Wé @@23211 gkreaﬁﬁ%nt 5318%‘@ Wpﬁte@tﬁ’dﬁh ydr ous

THF (20 t

bar . and Pl of AERIEHistdl e Soto 2ot BHRA Bfle BRK el 2 SLTT

mml 2. Yrdvh Mehﬁmme&gldsﬁlﬁca(dﬁﬁ@bélﬂ@m SEhe Wiifler Whglemrd &mgtmnmxgrglexﬁnd t he
erature was_maintained for 10 mnutes, followed by the dropw se

add Q: fm résos. cicaodbisqusgsng Bl dinatndeqte. 85W§¥€a‘f?§0f'§epoélt%t9t elfﬁ‘édem xture
|
vas a Ov\gfe;tt%gﬁ_%ﬁl@eﬁwf azatpt Jifibke yo{ooﬁ%%% tPa&e%gg%vaE I hed BuXidiiga 1N 2

separate roun otto ask

tri met hylshadon acelt.y$enaateB 93s gleanssl, usth@. 8 oxypén plasida amhydinelspriddto (30 nl)
were conbi ned and cooled to 00C. An aliquot of n-butyllithium(14.8 nL, 37
mmol, 2.5 Min hexane) was added dropwi se and stirring was continued for 2

hours to for Mg REGeNE was an n-type silicon wafer with thermal oxide (a silicon <100>

15 wafer highly doped n+ (arsenic) with a resistivity of less than 0.005 ohm-cm, and
supplied with a 1000 Angstrom-thick thermal oxide (SiO;) on the front surface and coated
with 100 Angstroms of titanium nitride and 5000 Angstroms of aluminum on the back
surface), from Noel Technologies, Inc. (Campbell, CA). The wafer was cleaned using an
oxygen plasma. The gold source and gold drain electrodes were vapor-deposited onto the

20 oxide layer. Patterning was carried out using a shadow mask. The substrate was cleaned
using an oxygen plasma, and was then immersed in a 10 millimolar toluene solution of
pentafluorothiophenol (obtained from Alfa Aesar, Ward Hill, MA) for one minute. The
substrate was then dipped in and rinsed with toluene and was dried on a hot plate having a
surface temperature of approximately 110°C for approximately 6 minutes. The substrate

25 was allowed to cool for approximately 25 minutes, and then 1,1,1,3,3,3-
hexamethyldisilazane was applied to the surface and was allowed to stand for
approximately two minutes before using a spin coater at 4000 RPM for approximately 2

minutes. The substrate was stored in a wafer carrier overnight before use.

30 Substrate D was an n-type silicon wafer with thermal oxide (a silicon <100>
wafer highly doped n+ (arsenic) with a resistivity of less than 0.005 ohm-cm, and supplied
with a 1000 Angstrom-thick thermal oxide (SiO;) on the front surface and coated with 100
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m xture. The first reaction m xture was cooled to 00C. The second m xture
was added to the first m xture by syringe, and stirring was continued for
12 hour s.woheowsae8i on fl ask was enptied into a saturat @dTNIS2@9/08337ut | on
(100 nL), and then a 1:1 hexane and diethyl ether m xture (100 nL) was

added. The organic | ayer was separated, and the water |ayer was extracted
again with the 1:1 hexane and diethyl ether m xture (20 nlL). The organic

porti ons ARgsEOmS @b iHaHm MQ%@MQOH Agsepmg 2Oalymynugm an B beek geeasd) , dri ed
over rragq?sm W’Qefﬁlégh{f]l{)f% 1681 IlnE Cﬂ“agié)b %I'&I-ﬁn?% &/%ﬁg \?Jgs %le%h d%ts%gy % g&r ati on.

The pr oduct ure wa ur at ed

w th K CQlywam. adiedld ﬁulréeranﬂ%ow@raﬁpﬂédtmeﬁwéﬁrvagoh@woslted/&it@ the(ok@&)e m.) and
hexane (100 nL) were added, Theorganic |ayer was segar ated and t hen washed
with wat deyqr2Batgmingarassamsdeut HHma shagensapskat e spbytragy ws clgingd using
conc§a ntr aatnfg(yééetf]%la%gra}ﬁd %%1?@19@&% etdqn 1%'19111%$|a9 ofl%e (35 uﬁoﬂ; 8% orless oil

(26 Mo yiel ySi'S o thé co ess 0| pr oduct provided

t he fol | @Mlm@udﬁﬁlﬁoplﬂddoWBtaﬁﬂ%ﬁ(frd\dﬂAlfam&de=H15 VB\)(for odeHhinute. Sihe(m 1 H) ,
2.42 (s, This is consistent with the

f or mat i orﬁub$tréit%§$ @s@ ﬁmpaii in% Bn%ﬁweguw@h tojcae gné was rr%orabévfeplate having

i soprope i I ydrous
T (16 e B e B o A R S, T s T

bar. Aft evasclowicdgo tdug féd @@i‘oxﬁﬂﬁat@@@lo midutdsyHelore hsaum (5 6 n1_, 14 mmol , 2. 5 M
in hexane) was added dropwi se. Stirring was continued for 2 hours.
6,1§)Pentacenequinone (1.4 grams, 4.6 nnnl) was added and the m xture was

stirred for 4 ek, Lok 0.5 b of
saturated NH %lﬁ)ggllrat Egﬁd > ag?ild F‘% X\%?ng Jﬂ%%%éﬁafgggn% ?lodbf orm a
first reacafeﬂngmhyﬂopécem (&TS@ld)a?VIQEa E@isewmgewéﬂcss &mﬁ:IOZ)GSZiBn( bm8argt ans, 25
nmol ) was di ssol ved in Q0 nL) and 25 % HO was added to form

a second SHPREGswith ad PR} AB%Tqﬂhﬁleffﬁ%l oxged O nontthg %Owu aes andfeated pdth
reaction r@OXAﬁgsﬁof?ﬁﬁarﬁgﬂqgtﬂdg afld §bWAﬁé§t1%m1aﬂl%Lﬁ’lll bRWRback surface) from

15 Noel Technologies, Inc. (Campbell, CA). The wafer was cleaned using an oxygen plasma.

A thin layer of titanium and an approximately 2000-Angstrom thick layer of gold were
vapor-deposited onto the thermal oxide to form the source and drain electrodes.
Patterning was carried out using conventional photolithographic lift-off methods. The
substrate was cleaned using an oxygen plasma, and was then immersed in a 10 millimolar
20 toluene solution of pentafluorothiophenol for one minute. The substrate was then dipped
into and rinsed with toluene and was dried on a hot plate having a surface temperature of
approximately 110°C for approximately 6 minutes. The substrate was allowed to cool for
approximately 25 minutes, and then 1,1,1,3,3,3-hexamethyldisilazane was applied to the
surface, allowed to stand for approximately 2 minutes before using a spin coater at 4000
25 rpm for approximately 2 minutes. Then the wafer was allowed to stand in a wafer carrier

for at least 8 hours before use.

Substrate F was glass, having dimensions of approximately 50 millimeters by
approximately 50 millimeters by approximately 0.7 millimeters and having a layer of
30 sputtered aluminum approximately 200 nm on one side. The top surface of the aluminum
was anodized to Al,O; of the desired thickness, typically around 100 nm (75 V), and had a

layer (approximately 300 nanometers to approximately 400 nanometers thick) of dried and
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to stir for 20 m nutes. The resulting m xture was placed in the
refrigerator for 1 hour and then filtered to yield a blue-green solid. The
bl ue- gr eemo=0091d19%8s taken up in mninmal anount of DCM Pabaistoos/omisy1
diluted with hexane (200 nL), and then rinsed onto a thick silica plug.
Excess acetyl ene was flushed using hexane, and then the product was el uted
using a 5:1 hexane and DCM m xture. Renoval of solvent yielded 1.35 of a

bl ue sol |C@red|%ré}%@ath|e|azedlzwurffaé¢n BexewpdZrAbde s ﬁu‘meﬁty oppienglidd 1.1 grams
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(bm 2H), (s, HbHf - 4 (m 28 ; and nass spectroscopy (70 eV,

El) mz é@&pkalm 190° fbpr t‘?@ﬂaﬁ%teuxmﬁuaﬁ tO@%lllgst (Figi> 2> fraresqrancigg dansprin Besi zed
usi ng ”Etxﬁtgg'g n%'u%i A etf‘BrE%‘Rﬁ@ﬁé‘ssﬁﬁd fdn RESRAY %Taﬁ&lté ag%\shti %6' ﬁp' y!
acetyl ene cussed in thé’preparatlo y su ituting
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2-11ithio-propene nerated in situ treatln 2- _bronopropene with n-BuLi
in tet rah'@ @#épaé\%étgstr%a mumnmm&mrfw Oebtﬂogl)T@%nolsg% Ing 3 =1.2

;Z ’1 9' H), (%aﬁlébélﬂlﬁﬂ 'Tht Wafdr \gaﬁ;zleanehi)hsmg aft joxgrgen ﬂl@ma ﬂmgéilétplry “prior t014H)

15 use.

Substrate H was glass with dimensions of approximately 50 millimeters by
approximately 50 millimeters by approximately 0.7 millimeters and having a thin layer
(approximately 300 nanometers to approximately 400 nanometers thick) of dried and

20 cured ZrOAc dielectric on one surface. The glass was coated with a polymerizable ZrOAc
composition by spin coating (acceleration rate of 415 RPM/s, final speed of 2000 RPM for
30 seconds), was then heated on a hot plate at 100° C for 10 minute, was then exposed to
UV light (i.e., 254 nm germicidal lamp) in a nitrogen atmosphere for 15 minutes, and was

then heated on a hot plate at 100° C for 10 minutes.

25
Substrate I was a flexible poly(ethylene naphthalate) or PEN film, which is
commercially available from DuPont (Wilmington, DE) under the trade designation
TEONEX Q65FA, that contained an array of layered transistor structures that were
fabricated by inkjet printing of the gate electrode layer, gate dielectric layer, and source
30 and drain electrode layer on the film. The array contained 8 rows and 15 columns of

transistor structures (120 transistor structures total), and the transistor structures were on a

3.0 mm pitch. All of the images of the layers that were printed (gate electrode, gate
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(q,t, J =9.5 1.2 Hz, 2H), 1.10 (t, J =9 Hz, 3H). The preparation
continued simlarly to that for the preparation of |IP-D PS by substituting
(1 - met hylwoepesyd7sdi | sopropyl silyl acetyl ene for PCT/US2009/045571

i sopropenyl di i sopr opyl silyl acetylene. 1H NWR (200 MHz, CDC 3) d = 9.33 (s,
4H), 7.98 (dd, J = 3.4, 6.6 Hz, 4H) 741(de 3.4, 6.6 Hz, 4H), 5.9
(g, J =1 Hz, 2H),583(U|nt = 2.19 t,J-8 1.1 Hz,
4H), 1. 3dliglpetricgsourng apyl drain payeysy Werp Gfeégedrw A@bﬁ PhPFOéi‘)@IP afhowl-skjet
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conposi ti ?d}nl%&dstc%]ﬁ‘%ﬂeeﬁw @@ce‘@’%ﬁmﬁh&@s{e@ Qbre c?alr%l?erat godn%rtggggﬂi’lﬁéﬂe% LR that

contai ned en W apped with

al um numHFRN filrh Quahihed tile tsﬂaﬁﬂ@sgmelsdlimpmfrﬁmednﬂelm filnTHEhiy btainlesmstegll aced on
a | KALABORTECHNI K HS501 shaker (I KA W KG St auf en, Ger many)
and shakemnohelps mmmiagHhoshrinkageinthe PENemetaf%howh%Wﬁ% Boghgdeiath a

Sol vent apdrafh paR/Yi SEIU FORONELAlrors SREDRH LA RARAEANAMLAEL hod 11 An
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amount of an ‘organi c sem con an optional anmount of polystyrene
were wei gb@;telprattmleaccglltaaﬁlaamméndqorpmndu Nglean saGRE it Shofe doasisend | owed by
t he wei ghed_  addi ti on of sol vent ( 0 prepare a, conposition of the desired
cont®nt r aUrfasrsCsFEYe roylist deag by t%l@rfimneér filgnpasopasitionsd opsnyet §/P‘étriéatie Ag he

conposi| tgﬂgﬁ%‘}l@t%% éiﬁeeﬁhrh CQHEF AEE bP h%f ca§g§1 of g;fldéﬁ”’ﬁﬂéh tPfe t hat

cont ai ned nore an one s vent he V|a hen p dced on a
stir pl atveasandcliddeo clondlemimins tacunmdabld lasd ﬁ't Alsi dealse ﬁamer The fikinb wasnet al can
to shield the corrp05|t|on fromlight. The contents were stirred for a

mi ni mum dfstaedigidt four srraps e rlwlwngay@ﬁwnﬁt&%sﬁ@%ﬁhe stanyed filpgvas

placed in the system, the top surface was cleaned one more time with ethanol.

15 A printhead, which is commercially available under the trade designation SX3-128
from Fujifilm Dimatix, Inc. (Santa Clara, CA), was then inserted into the system. The
deposition system had precise position control of the inkjet printhead in the x-y directions.
This printhead had 128 jets with a 10pL drop volume. The printhead was filled with
approximately 20.0mL of inkjetable silver conductor ink, which is commercially available

20 under the trade designation CABOT AG-1J-G-100-S1 from Cabot Corporation
(Alburquerque, NM). This material served as the gate layer of the backplane. Once the
printhead was in the system, the height and sabre angle were adjusted. The printhead
height was adjusted to approximately 1.0 mm above the surface of the PEN film. The
sabre angle was adjusted to give a desired resolution of 702 drops per inch (dpi). Upon

25 completion of the aforementioned, the substrate was registered. The corner of the
stainless steel frame was used as the starting point or origin. From the origin a 1.0 inch
offset was set in the negative x and y direction. This was the location where the printhead
started printing the conductive ink or patterned gate layer. Registration was accomplished
with a DVT Machine Vision (Legend 530) CCD camera.

30 Before the application of the conductive ink, the substrate was pre-shrunk.
Shrinking of the film between the thermal curing of each layer affects registration of

subsequent layers. The pre-shrinking process included heating the film from the bottom
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Unl ess otherw se noted transistors having a bottom gate, bottom contact
architecture were prepared. Such architecture is described in, for exanple,
U. S. Pat ewO 28ppisierat i on Publication No. 2007/ 0158643 ( Vegglusetvalssyr Each
transi stor was prepared using one of eight substrates. Source and drain

el ectrodes were rectangular and ran parallel to each other separated by the
channel |ength. The transistors had a channel length, L, of 100 m croneters

unl ess otamé thét 198 of SreebstRiip sHealing fromhsloy) wizssdane ptithdigrepkinceg pfte. The
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10m nut eVndeahdparuidsilaadoadhcdodingivas ekpadittdden the sebsirag it wae nelalalt ed
(apFrom matel y 2000 Angstronms thick) on the dried and cured Zr OAc | ayer.
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surface and coated wi.th 100 Ang@troms of titaniumnitride and 5000
Angst r onsSCEIN8 [N TSE FRCHH VEThwIth IJRslﬂmPaeAé%er thersyle NGy sintecindF ogi es, |

n
Canpbel | d
( el lte g@e)a%lr%?gtlh%‘@éfggéé%t Rox g%k@t@ﬁ%@ USTRI MR- XY SRR LY ASHR te %@at%fg

source an es were vapor - ep05|te onto the
15 for 10 minutes.

C.

The next layer in the fabrication of the all-inkjet printed backplane was the gate
dielectric layer. After thermally curing the gate layer, the SX3-128 printhead was
removed and replaced with a printhead that is commercially available under the trade
designation SE-128 from Fujifilm Dimatix, Inc. (Santa Clara, CA). This printhead was

20 used for printing the dielectric material composition, which was a ZrOAc polymerizable
compostiion. The SE-128 printhead had 128 jets and a 30 picoliter (pL) drop volume.
The height was set to approximately 1.0 mm above the substrate and the sabre angle was
set to produce a resolution of 702 dpi. The platen temperature was reduced to 26°C.
Before printing the dielectric layer, a test print was printed for registering the dielectric

25 layer relative to the patterned gate layer. The test print was compared to another test print
that was printed with the gate layer. The measured difference between the two test prints
determined where printing of the dielectric layer began. The registration of this layer was
done with the use of the CCD camera.

Once registration was completed, a blanket coat of dielectric material was printed

30 onto the gate layer. Upon completion of printing, the printed material was immediately
dried, cured, and dried again. The first drying process or pre-bake was done with the

online hot plate and IR lamp. Once the hot plate reached a temperature of 75°C, the IR
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| ayer to a thickness of approxi mtely 2000 Angstrons. Patterning was
carried out using a shadow mask. Substrate B was cl eaned usi ng an oxygen
pl asma i mwvodo@siyrspri or to use. Substrate C was an n-t yp@/tskémooes7naf er
with thermal oxide (a silicon <100> wafer highly doped n+ (arsenic) with a
resistivity of less than 0.005 ohmcm and supplied with a 1000
Angstron}thlck thermal oxide (SiO) on the front surface and coated with
100 Angstlpopscaned pyarhupsinted pneps t&’ﬁdlf%@@ a Xalgstty eh 0a8/seqd andi ab dfhpetscithe

f:
ol oancd JBvR’ ThE BXHRRR o EANAN QR by ot ARl A MS of B oo

wer e vapcsmepote)}aﬁs¢ame@lth@mﬁ@edth@1agxﬂ tde“skiayrtr” dndttta@rnd MVGMSTB@EfOIr@%&Ut usi ng
a shadow nmask. The substrate was cl eaned using an oxy | asma, and was
then i m‘ré)rfélé,f‘ddlb’ﬁlga}"%ﬁ(ﬂ%i@ ﬁthlhfrOﬂbb%ﬁ&l%wbﬁfqt%nAﬁﬁrfgém #reBABY hi ophenol

( Obt53| ne%c%t{n%a.'o% ¢ | ns thg\ﬂ]aq%nﬁel!ngerama% def arlne%ga‘% 7'§I’d@ WG a%igﬁlo%#lg]ﬁ)te rate was

then di pped I'n an ne an ried on a havi ng

a surf acenin@tepeTaisut 1ﬁftheapsrpé@x wam eliyedltd 0860 foanyappadkigeleny Aftei thut es.
The substrate was allowed to cool for approximately 25 m nutes, and then
1, 1, 1, 3, 3oBenhwanieBEIoNgd. dh%iim%dz@ﬁféﬂ@da\gawd Qcrross-litked 3t plates teampeTakEe

al I owed 9.5t andyar,.3ppy A o QUL 830 BT A SertiiB 1Bn3R A £0R er
b Rl o Qe fap s

at 4000 for apprOX|na strafe was s in a
waf er cardiir@fen@uegdli THis pﬂmeéss rt@oku«aﬁ seSohastie a(olﬁpllatevvalsleafhlahdﬁyy@astqi b waf er
with thermal oxjide (a silicon <100> wafer highly doped n+ (arsenlc) mnth a

rest&t i vilale gped the 8ANGBIRCErs 6tsHs Bhike ORVIAHSEY @alatﬂqeé@rww cxcadint the
Angst r Omlalﬂg %F%gﬁ{ng&lbv&%hgﬁnégg e dsoeg &tdﬁl . /5O o8 Y64 ﬁ&g?%gw&oat ed with

100ANngstro tantumnitride an 00 ngstrons 0 num on the back
surface), fr ornllbdmadonimammcdf@lge as],ecﬂrmdaye(r GhapBel 28, prigftjcad Tae rovadexd fras
cl eaned usi ng an oxygen ol d source and gold drain el ectrodes

vver e vapdhe SBH3 ﬁ%@pkﬁﬁ@<§w<ethéh%§<¥aé28@9@%%@%@@@?9%% fctle woures B9 B usi ng
a shadow maskrpIo&, %m@m %va% ARQdWHR g AR %9&9?1[%9#; uorotgpg was

t hen |nnersed In a ar £l ene sol Ut1 on o pent a pheno
( obtai nedohmaontidlly avalabkrfronidlatlotHinder thvigadé desigmeaomOAR@T AT -G-100-S1
from Cabot Corporation (Alburquerque, NM). The height of the printhead was adjusted to
approximately 1.0 mm above the substrate and the sabre angle was set for a resolution of
702 dpi.
For printing of the first source and drain layer, the platen was cooled to 45°C and
20 registration was done in the same manner as previously mentioned for the dielectric layer.
Once printing was complete, the platen temperature was raised to 60°C for 30 seconds.
This sintered the silver along the edges before completely sintering the material at a higher
temperature. After 30 seconds, the platen temperature was raised to 150°C for 10 minute.
For the second printed source and drain layer, not every image or feature was
25 printed twice. The drain lines were only printed once, whereas the source pads were
printed twice. The source pads were printed twice due to non-uniformity after the
sintering of the first layer. The platen was set to 150°C for 10 minutes to sinter the silver.
The channel length, that is the distance between the source pad and drain line, was 150
um.
30 Before the process of printing the semiconductor began, the platen was cooled to
30°C and a surface treatment was applied to the dielectric material and the source/drain

contacts. High purity toluene was deposited onto the surface of the entire sample with a
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substrate was then dipped into and rinsed with toluene and was dried on a
hot plate having a surface tenperature of approximtely 1100C for

appr oxi mewel2go%ism7aut es. The substrate was al |l owed t o c®OIT/USEE09/045571
approximately 40 m nutes before use. Substrate E was an n-type silicon
wafer with thermal oxide (a silicon <100> wafer highly doped n+ (arsenic)
wth a resistivity of less than 0.005 ohmcm and supplied with a 1000
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oxygen plashma I 'nrer sed uene so utlon of

pent af | udr}@tsbhmmhmIreﬁ@ﬁedd@eblﬁwmgtleofﬁh&l the b tchiat Bows fihdlewepdhighed i nto
and rinsed vvlth toluene and was dried on a hot plate having a surface

t enper at UMEtHolugHE M idapasird on thsomtirgyurigp pbibie ﬁﬁb%ﬂagﬁ for A9 nemoads. Afier
bstr at t dth
o1 5, 2Rt Y RAch P o S BRI o B T 226 %301 e to

stand for appr oxi rrately 2 mnutes before using a spin coater at 4000 rpm

for approximately 2 mnutes. Then the wafer was allowed to stand in a wafer
cartf er flfﬁepalfatw@agftTranﬁé@rgbbémlsrebPug@ng sutssieenductor, RepasitipnsMethogh g

di mensi ons of (?&P%&%}id&%%!ré’deﬁa%m@%dd Hﬁia%feré’&’tr %&%&ﬂ%ﬁégﬁs@% g‘lﬂ%]bt”?t ers

by approxi mate ers an ving a layer o um num
appr oxi mgtrater (é’dlﬁmamablny avakalde dlederﬂtearatd@pieagnétamd)mmmé 280Wmgariem was

anodi zed to_Al 23 of .the desired th| ckness, cally around 100 nm &75 V),
and had VPUIRls froapprbilmHimEty. Bee ﬁ%ﬁ&%@f@eﬁ?é tlbo‘é‘p?ﬁy byer penERjtemgoeac

nanort et )y G SO\BRCEDI P 5K 10 b LS8 L T
pol yirer i abhecrdmeike fitongxaheyt wore 1bydedpnto inlgat dangidges (Model No. DMCLCP-
11610, from Fujifilm Dimatix, Inc., Santa Clara, CA). The inkjet head and the platen on
which the layered transistor structures were placed were held at a temperature of
approximately 30°C. The distance from the inkjet head to the substrate was
approximately 1 millimeter. For Print Pattern 1, 52 drops of a composition were deposited
20 in a 13 x 4 drop matrix (the center-to-center spacing of the drops was 40 micrometers)
onto cach transistor. For Print Pattern 2, 99 drops of a composition were deposited in an
11 x 9 drop matrix (the center-to-center spacing of the drops was 40 micrometers) onto
cach transistor. For Print Pattern 3, 121 drops of a composition were deposited in an 11 x
11 drop matrix (the center-to-center spacing of the drops was 30 micrometers) onto each
25 transistor. These various X x Y drop matrices were deposited such that the X drops ran in
the same sense (e.g., direction) as the channel width and the Y drops ran in the same sense
as the channel length. Each composition was allowed to dry at 30°C while on the platen
during printing of the substrate, and then at room temperature after printing was
completed. The mobility was determined approximately 1 hour to 24 hours after the

30 compositions were deposited.
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(acceleration rate of 415 RPMs, final speed of 2000 RPM for 30 seconds),

heating on a hot plate at 100 C for 10 mnute, exposing to UV light (i.e

254 nm gewoi2009dElio7Banp) in a nitrogen atnosphere for 15Poirrust@/043nd t hen

heating on a hot plate at 100 C for 10 mnutes. Silver source and drain

el ectrodes were vapor-deposited (approxinately 2000 Angstrons thick) on the

dried and cured ZrOAc | ayer. Patterni ng was carried out using conventional
8
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el ectrode | ayer, gate dielectric layer, and source and drain_el ectrode
| ayer on 'PRECS 1 FAMOFR@NY sRIYSAtSihicar hibal BMamied oaribe Whseyr afiasthg purface

treatment. This preheat step was completed with the online infrared lamp at 6 passes, 2.0
15 in/sec, and 80 percent power. Once completed, the platen was cooled to 30°C.

The semiconductor composition was deposited onto Substrate I in a print pattern
defined by a bitmap image created in Adobe Photoshop and shown in Figure 1. Each bit
or pixel in the bitmap image represents approximately a 36 micrometers x 36 micrometers
arca as established by the 702 dpi resolution. The dark bits in Figure 1 indicate deposition

20 of 1 drop (30 pL) of the semiconductor composition. The light bits indicate that no
semiconductor deposition occurred at that location. A total of 44 drops of the
semiconductor composition was deposited onto each transistor structure. The centerline
of the print pattern, which runs the length of the long dimension of the pattern as defined
by the bitmap, was centered over the center of the thin film transistor channel with the

25 centerline running in the same direction as the channel width. That is, the centerline of the

print pattern was positioned midway between the source and drain electrodes.
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transi stor structures (120 transistor structures total), and the transistor
structures were on a 3.0 mmpitch. Al of the imges of the |ayers that
were primwveao@gatwsel ectrode, gatediel ectric, source an@Cunseevvioassers) were
created in Adobe Photoshop. The all-inkjet printed | ayered transistor
structures were fabricated by the process described in detail below An
8"xl 1.5" piece of 8 ml| thick PEN fil mwas fastened between two pi eces of

st ai nl essPrepagationf{drapgisiorebr Dip{Coating i %%EICQQWOW\EﬁwsﬂF%%Hl Blind the
perinmeter of tﬁ?gf?%atlhé e¥1 en Shl?S%dghg tr%tteaG nﬁl%ﬁ v&e&%ﬁ%at&#]i% ; rnlnu 19 t he

PEN film This's rane ps m Kage 1n the

PEN fil maiﬂ’lﬁﬁﬂzgﬂwdhlng@sﬂ@ﬁqml YE@LGlmodmanlelwml fearig STEHIng, llhm wer e
cl eaned nunerous tinmes with absolute ethanol in order to reduce particle

cont ani nativgmosnd-digorprovsine aaowre%?ﬁtlwﬁ%i)@ewﬁﬁt& HAPxYBPRPIEHWES 8k ent sur f ace
energy. Mmm Lt% ﬂﬁﬁ% E;AEP 'oﬁcﬁ’ﬂc‘(@%oﬁ?ﬁﬁt\x}ag@ﬁtg{eﬁ%}oﬁgh g{ a hot

pI ate an on an um num vacuum

deposi ti qjmlﬁy@afﬁmroeﬂmeMTpEaﬁﬁeMﬁh apbAacacb iR ioa b Huim daaidwn t abl e
and fit inside the frane. The frame was fastened with four screws into the

al unmi numthadecermmsrsialy axpae pnder ghegisisdlesignaoneACRORISH GhfropePadlkifem t he

comer ci aTTotay AR RS ARA Erd L8 ol BHinY B BROAP B ppPGUBh BT Wl £ 1
D mati x, wide,5 fbadicn, &ﬁda?(lamnﬂﬁgh) VIEssh b tilgstratorsamipleedtad dipped dia dsys r&oof The

dep05|t|on systen1had Fre0|se position control  of the inkjet prlnthead in
thel%-y diPPEEIPHRY.S mH @em Pﬁrﬁ@aatewaalgfsz p%t@gﬁppwfaals |t1@35 is eypergBillyine.

The pri “ta*\‘zﬁ | defr'tﬂelt?egie nﬁ%ﬁ@ﬁ\hﬂ% it Rhnd 18 ’Ed’?l Gk ver
I'n 1&@% ]% % d deS|

conduct or i's cor rcially ava under t ra hation
CABOT AG-IJIn]ﬁeG—Kiil@dbtﬁ) 1A pproxinEaddp 5 nilo bf)en’chtsblﬁmoﬁ Alab usaiu étaghieamPpdIwas Thi s
material served as the gate |ayer of the backplane. Once the printhead was

in the sydloastq Ay %é@%fenaﬁaatgl@b eted sertEgang C@tﬁt%w&@ pressat o thsth@ad
il The aabr o ae oS LR M A et o I AR AR TharT o ohT02
drops perdimandior ofhg cryaderan in the same direction as the dip direction. Gold source and

drain electrodes (approximately 800-1000 Angstroms thick) were vapor deposited through

a shadow mask using a thermal evaporator, thus forming transistors with a bottom gate,

top contact architecture. Source and drain electrodes were oriented with the long

dimension of the electrodes, the channel width, perpendicular to the dip axis. Source and

20 Drain contacts are sized such that the width of the transistor is approximately 1000

micrometers, and the channel length is approximately 100 micrometers.

Mobility Value Test Method 1
The saturation field effect mobility (p1) was determined using two Source Measure

25 Units (Model 2400 from Keithley Instruments, Inc. (Cleveland, OH)). The devices were

placed on an S-1160 Series probe station and probes connected using S-725-PRM

manipulators (both available from Signatone Corp., Gilroy, CA). The drain to source bias

voltage (Vps) was held at -40 V, while the gate to source bias (Vgs) was incremented over

the range +10 V to -40 V in 1 V steps. The drain-source current (Ipg) was measured as a
30 function of gate-source voltage bias (Vgs) from +10V to -40V at a constant drain-source

voltage bias (Vpg) of -40V. The saturation field effect mobility () was calculated from
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conpl etion of the aforenentioned, the substrate was regi stered. The corner
of the stainless steel frane was used as the starting point or origin. From
t he ori giwioao®/B1978ch of fset was set in the negative x anw/us2evoexsri on.

This was the | ocation where the printhead started printing the conductive
ink or patterned gate |ayer. Registration was acconplished with a DVT
Machi ne Vi sion (Legend 530) CCD canera. Before the application of the
conduct i ke FlﬁRe OEﬂhé ligeas portzancofithaplet ef thi suake roghpf hikivagusl ot Aeng them bet ween
t he therngl r|ng of each layer affects registration of subsequent |ayers.
The pre-s rlﬁklng process included heating the filmfromthe bottonmand the

top of the substrate. Heating fisomdad@ysWag <dzine with the online hot
pl ate. The hot plate was set to 125C. Heating from above the substrate was

done wi t WWiers60s thetspesifie ﬁanaﬁftme@cﬁ the gye digleptricOicis thhehapael vty ang bathed
125% t he[hé &an%gﬂe%[@”ﬁﬁdso 0 an%ﬂ?or%!ﬁ?flteg &B? %dtuI %.]Jh tE"ane RIS §91fé![t5y of 2

i nches per seco percen process took 25

seconds andrck beasigl MU ihaspenrl ore thé ratnlge 130N Hor-40 & insia Wesfﬂep'k400C whi ch
was recorded by an infrared pyroneter. Upon_conpletion of the pre-shrinking
process, the sUtiag # alosof theaawhe vees of bIverus & ca cwﬁp@fe Fruviecgfapebtion Rl t he

silver f I

Vo SRR B M RALASL B AELBAE L IOV EEBEA T E (0

hel d at 4b&sta¢) o5 a&umtmntcéwcgmﬁfotdwra kv whed awirhight e fnbasnzakoklopkat e and
|nfrared | anp. The hot plate was set to 125 0C and_the IR |l anp scanned over

t helGat t é}oﬁféﬁl frtageumse PPfhté]éll%tVta Nsigesricofdhe slope pifbpdweyws thetbnd and at
100 per C%ﬁ{% @&n@%pi\ﬁ)etﬁ%mp a%'v&%ttﬁle}ﬁ a8 theSd g@f&ﬂﬁeﬁéf%wééﬂh%lhm ilver

with the rthe silver Wwas siRtere enperature of the hot
pl at e wasangdetaximuhSDoe.cultet (Sybsiluad & thehmi-Nad catvet hi s tenperature for 10
m nutes. The next layer in the fabrication of the all-inkjet printed

backpl ane was the gate dielectric layer. After thermally curing the gate

layer, thg, - Vafu &@Pﬂg yps renmoved and replaced with a printhead that
IS conmercia ava er the trade

15 The average mobility of each sample was determined in air under ambient lighting
using two Source Measure Units (Model 2400 from Keithley Instruments, Inc. (Cleveland,
OH)). The devices were placed on an S-1160 Series probe station and probes connected
using S-725-PRM manipulators (both available from Signatone Corp., Gilroy, CA). The
drain to source bias voltage (Vps) was held at -40 V, while the gate to source bias (Vgs)

20 was incremented over the range +10 V to -40 V in 1 V steps. The average mobility value
is calculated from the measurement of 10 transistors on each substrate.

The “effective channel width” of the devices was determined because dip coating

did not always result in complete coverage of the substrate. The percentage of substrate
surface covered by dried semiconductor composition was measured by (i) taking three

25 digital photos of the substrate at high magnification (100X), then (ii) using photo editing
software (available under the trade designation PHOTOSHOP CS3 from Adobe Systems
Inc., San Jose, CA) to identify and render areas of exposed substrate as uniform black
(0,0,0) coloration in L,a,b color space, then (iii) using the histogram feature of the photo
editing software to identify the percentage of photo with luminosity (L) < 15, and then (iv)

30 averaging the result of the three photos to give a value for surface coverage of the

substrate. The value of surface coverage was then used to calculate the effective channel
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designation SE-128 fromFujifilmD matix, Inc. (Santa Cara, CA). This
printhead was used for printing the dielectric material conposition, which
was a Zr (o 2p@/pmeBi zabl e conpostiion. The SE-128 pri nt reaashad/ 01581 j et s
and a 30 picoliter (pL) drop volume. The height was set to approxi mately
1.0 mm above the substrate and the sabre angle was set to produce a
resolution of 702 dpi. The platen tenperature was reduced to 26C. Before
printing Wie efitee EEgﬁ,ia@d|tlayéff¢ctbzet0é§nnebwd’fb Wia 83k toree kstlafoshapgegiagiasr i ng t he
dielectri . rrelati t t . T .print was
compar ed TOINGEHLS Fhé YSichitng iR ELOSH ORhG X Rec L Bab BT ™ 13

nmeasured di fference between the two t@glePri nts determ ned where printing
of the dielectric |ayer began. #ﬁ@fFééigfaéﬂﬁUn of this layer was done with
[

the use of the CCD canera. Once regis on was conpl eted, a bl anket coat

of di el ec\*zﬁejﬁg Vlg?fs%ﬁé o RS cRinRE \%ﬁitl?,%p Shee %@éﬁé drd¥&ite aﬁ@%’&iné%@&!&?&t i on of

printing, t Inted material was | diate ried, cure ried
again. THes-tiepositedir yidn@,, [iv the ssifacercoperegb @i @enverst).dBovecxamiple, ifitke snireaendhot
plate and, IR | anp., Once the hot plate reached a tenperature of 75C the

| Rlanp scCHHRSECHOLT YHE 1@9‘? Regny lﬁagénql&aa SHRseCoNETage v B PeEsFeRff theng i n/ sec

and at 4Qup fgﬁﬂ%CHQ%@%VRE?%PEBlﬁhﬁthRY is process was | ow tenperature.

I ncreasing the I ntensi I's step could cause the dielectric layer to
"skin over" arikhetsatypattd écldalffeetrobilityeomas ealcotd fafm theeslapeyrn of teplatone
thermal Iy from bel ow the substrate. ter. tqgﬂ;gfrared | anp scanned over
the sanpl% % H¥aE5 AP FUMSEISRINCEUS Menitiag thi foH8¥MESAUaPhddi ti onal 10
mnutes. This step in the process was u %ﬁé-ed to renove any remai ni ng
solygnt. After the solvent was rennypﬂz( jdried mat erial was cured or
cross-linked at a platen tenperature of \ #8C) This was acconplished with a
250 nm wavel ength UV germicidal lanp with a nitrogen purge. This process
t ook 401 wlatohds theppeahipenasitantief thorgite diclering, Htis phanfiqsbse blkaclugidth, t he

same process ste as .t he previ ousl. nt . one re-bake except that the IR
o s S8 dnin L QoBe il ELRER I TSRS PRTICEE RSP hut0 per cont
pover. UppsbiiOMRheldueved otdiehsiabest metsutay®it, the SE- 128 printhead was
renmoved from
15 Mobility Value Test Method 111
Same method as Mobility Test Method II, except the gate to source (Vgs) bias was

incremented from +5 V to -40 V in 51 equally spaced steps.

In Tables 1 — 5 and 7 - 11, all the compositions listed in one table were inkjet
20 printed onto the very same substrate sample. That is, one composition of the table was not
inkjet printed onto one substrate sample and then another composition of the table inkjet
printed onto another substrate sample of the same type and surface treatment. In Table 6,
four substrates types are listed. For examples that list the same type of substrate, the
compositions were inkjet printed onto the very same substrate sample.
25
Example 1 and Comparative Example 1
For Example 1 and Comparative Example 1, compositions of 1.8 weight percent
TIPS in 91/9 anisole/decane and 2.0 weight percent TIPS in anisole, respectively, were
prepared by Composition Preparation Method I. Each composition was deposited onto a

30 cured ZrOAc diclectric layer of Substrate H by taking up a small volume of the
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the system and replaced with the SX3-128 printhead for deposition of the
source and drain |layer. The source and drain |layer was printed twice with

i nkj et ablwo=pnéwvst978onduct or i nk comerci al | y avai |l abl e fPcomsgavosssander the
trade designation CABOT AG |J-G 100-SlI from Cabot Corporation

(Al burquerque, NM. The height of the printhead was adjusted to
approximately 1.0 mm above the substrate and the sabre angle was set for a
resol ut i GRPEPIEGLOaOSItiBAN piipital Gowtory espppable glasuriptcapigsdnaths ullyer ,

the plat n t manner
as previ gl RERR By P e SR G R bR R RO M R BT

conpl ete coh{p@smbﬁ,ttﬁﬂl fe@aaedn fprsseinpaise tidb &e&ptepsrﬁm@néms Sﬂths eémpdﬁuoﬂ hi s

sintered the silver along e edges before conpletely sintering the

mat eri al that hadperagiaed %Fhﬁéfraéltsmf éhe mpetierome thecupddarOAndiclsrtaic davor e Bpdr at ur e

Was § al Se[ﬁ ﬁ(?sg’t?og Jn(arsuﬂ‘alf \?glleed‘t r(f % te%%{aﬁﬁ%o I;ﬁius eﬂrl)%qggeéﬁﬂéﬁ’ ﬁ%nﬁ'ﬂd drain
: eve e drain l'ines were

onIy prlﬂh@@e@mﬁe“HMMEbE&ﬁm&ﬁ&uﬁQhﬁQﬁp@ﬁﬂaoﬂ&ﬁﬁeﬂkﬂdﬂﬁﬂjTthﬁ%deh@nsource
pads were prlnted twice due to non-uniformty after the sintering of the

first | ayess.alipied i divefhr afdsass 9 Htl%Uti%@O@:ﬂEBﬁge.L@ldeﬁﬁtO&GW%ﬂ 4idef a7 t he
silver. %&gé%o J?ﬁ%{bggﬁk crz);aa{)%e dlﬁ*&%nﬁéﬁﬁ@&%n&féd@@&gh(mé) soygce pad and

drain line ore process of printing e sSem conduct or

began, t r@ptMaamMogpaphMCsbm@boho)uc?»&O@pamt farmed framehd 2 Oatdigmtpewast BPS| i ed to
the dielectric material and the_source/drain contacts. High purlty t ol uene
was ! Yepodneaigolsing Lithweightreaect 3PS W 1hnipele/darasr sompotitionsiaseshoxfidnl ef t on

t he sanpl fter 1.0 mnute, the toluene was renoved by
ﬁg{g‘?% 2 \%n(? %,n?eﬂ%tcﬁvel

blowi ng it alr tan (Uine, S-6771). Next, a solution of 1.0
ol perfluordﬂhﬁﬂﬁﬁeﬁp¢mﬂmmhmghOMUhdhmnmm%uﬁn&nwashddﬁmammﬁmyen t he
surface of the entire sanple and left for nute. The sol ution was
renoved 1M RERS wystle War formpd Hiat Oléaﬁoverﬁ%a §1%FF‘111 RewioRes theges ¢ r eat ed
with the @,
renmoved Bﬁﬁ%ﬁﬂgﬁhg&ﬁﬁgg mnt Qt%% a| %%%ﬁnggk?E%%PP§gﬁm§ é%%&gﬁé

15 substrate; that is, the location of the contact line between the composition and substrate

was maintained at the same position as the anisole evaporated. Since anisole evaporates
relatively slowly and the perimeter of the drop was pinned in the same location, relatively
larger crystals formed. All the crystals were not flush against the dielectric layer. Rather,
many grew up off the plane of the dielectric layer. At some point in the drying process,

20 the composition became unpinned along at least a portion of the perimeter and the contact
line moved inward to establish a new equilibrium position dictated by the interfacial
tension between the composition and substrate. The composition again became pinned at
this new location and more crystals were grown. Thus, crystals were deposited along the
initial perimeter of the drop and in lines that represent the locations where the contact line

25 became pinned. Also, it is possible that some of the lines of crystals do not signify the
location of the pinned contact line. But rather they were formed when a pinned contact
line became unstable and began to recede inward, and some of the crystals that had grown
along this pinned line broke away and were carried by the receding solution, and then
were redeposited on the substrate. The solution of TIPS in anisole appears to become

30 pinned on the substrate resulting in insufficient coverage of the substrate with TIPS

crystals.
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purity toluene was deposited on the entire surface of the substrate for 20
seconds. After 20 seconds the toluene was bl own off the sanple with an air
can. Prepapaviors1ioB Transistors by InkJet Printing - SeRrCtarsdeones7i
Deposition Method | Conpositions were deposited onto the |ayered transistor
structures using an inkjet printer (comrercially available under the trade
desi gnation D MATI X 2800 series, available fromFujifilmD matix, Inc.
Santa Cara, G 4dﬁlt@né>féﬁcatnﬁrt@ﬂle;wmpmﬁaﬁ tepiesidea K gnisalc/decann solyeriual
drop vol 0, r 0.2

i or onmet gﬁ& 9{: tdéfgmg‘uc%? Bﬁk\éd thei lg)%np)%ﬁ totgh}eziﬂ)\é% o£ tﬁgd el{c%g V@r

DMCL CP- Iﬂl@mPsfvvasmneﬁwlﬂeﬂ lab WeDid¥AhéK crybtaltites osaﬂhatuﬁllyaﬂﬁ en%) surfhbethiahk] et
head and the platen on which the | ayered transistor structures were placed

wer e hel dvastcozered Wéhea@repeIt@ﬂop%bF@ktm@@éltvn%d@:canerﬁ@us%thaﬁ@@emyo@ﬁ t he
inkjet h r Print

Pat tgr n %ﬁlg%‘%%%‘grsgg"él tgﬁlg{og%%%%%?@ %%ﬁﬁ%l@gﬁﬁé’edﬂlﬂdd ntécqgﬁ@é()fﬁl drop matrix
(t he centwimpositiof MitIrths pasirag. The Tch@ta(lh’t@ﬁ@edlva%réw afoing tieRibet &} ramdro each
transistor. For Print Pattern 2, 99 drops of a conmposition were deposited
in an 11 tRamawoliondhs Wbs"(f%tﬁeTB@ﬁ‘ﬂ@?loli AR EMAY ﬁlﬁ@ ihaYe spulteddndr ops was 40
m cr onet Br. of a
conposi t?r(%)ﬁ}vxga{r%%&depog t'e ﬁ;ﬁf@%ﬁﬁlgﬁ%{tﬁ EH%BE% %r@e? é@tgeg%%&% o center
spaci ng ofhi¢ Reirclilag@sy flas nHY Hive comEbetes Yo titimpraed nicrpladogt or . These
various X x Y drop matrices were deposited such that the X drops ran in the
sant) sense (e.g., direction) as the channel width and the Y drops ran in

t he sane t h conposition was allowed to dry
at 300C whi 8§§t4h%%(? EQFJJ{J‘JF% rllesﬁ?lgng of the substrate, and then at
room t enper at Ufce cadtt (ﬁi’E)@hlﬁlﬁsi N andh Companltiet Edamploe 2480 borhpdsytiondsvalet er m ned
approximately 1 hour to .24 _hours after the conpositions were

deposi t edTEREFEPRE PRROBONPigRatatipy Methad 1 ﬁ'kalé@estw Meid; h@pareéémdemm@t or

Deposi ti qfe Y QfhddsitfRUBAD dubSiiste YL fﬁ‘??&?érﬁ st SRt a PEN
film conta?lri@ing&ﬂn es}e trangsu; sto? stractures ngdscégﬁ an aﬁt-l nkj et
protess, Ihypokitienvdéthedd. Mbhaminhadration of TIPS, the concentratlon of PS, the solvents,

and relative amounts of the solvents are shown in Table 1. The average mobility was

determined by Mobility Value Test Method I and the data are given in Table 1.

Table 1. Transistors of Examples 2-4 and Comparative Examples 2-3.

Example | Weight percent | Weight percent Solvent Field effect
TIPS PS mobility (1)
CE2 1.8 0 anisole 1.60x10™ cm?/V-s
2 1.8 0 91/9 1.13x10™ cm*/V-s
anisole/decane
CE3 1.8 0.9 anisole 1.36x10™ cm*/V-s
3 1.8 0.9 91/9 3.72x107 em’/V-s
anisole/decane
4 1.8 0.9 88/12 5.29x10” cm’/V-s
anisole/decane

20
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Upon conpl etion of the surface treatnment of Substrate | as described in
"Preparation of Layered Transistor Structures”, the SX3-128 printhead was
renoved fwormedisisgst em and replaced with the SE- 128 pPCmiuse@d/0455Mi s
printhead was filled with a sem conductor conposition for formng the

sem conductor |ayer. The SE- 128 printhead has 128 jets and an individual
drop volune of 30 picoliters (pL). The height was set to approximately 1.0
mm above ExpmplepdSrandComparaipe ledgl e was set to produce a resolution
of 702 dpi. Regi atd fi .t 1.con [ r : I . aS

or evi ously month ShAEP Sl 5 Al ChEPRRAEL PR o8P ORph i

deposi ti ong akighhgers@ TIPS dud D Orw GiTREIchi PRIwed: tpdtedby SogpoviEsn per f or med
in order to renove any sol vent (toluene) that remai ned on the substrate

after t h&reparatipneMetheddndhe solvpntor polupm anixgyesinglydedinipt eQrapPsitians aihe

onligne i . . t i r. Once
cor et ed i i T 2, 1BurBBRRE ettt S5 feroRRfle 2B B onS BB  on v
deposi t edSubdstratc BLbPrihaPattdrn Rusimg@ehtitondattbe Depskitionneldthioy 1Ty dvierigei mage
created in Adobe Phot oshop and shown in g%%ure 1. Each bit or pixel in the

bi t map i rragiliyepsaleigimancddpryebikigy ¥pkpe L esigVigihed dapd theglata agg givice iphekler s
area as tablished by the 702 dpi resolution. The dark bits in Figure 1

i ndi cate deposition of 1 drop (30 pL) of the sem conductor conposition. The
light bits indicate that no sem conductor deposition occurred at that

|l ocation. A total of 44 drops_ of the sem conductor conposition was

|
depbdi t edlbit s Erapstorspfdiemplessys aed GpaparpHee EsHtRle% ne of the print

P o I [T, R ST T AT on of (e pat ter o
transi stjor chanpel with the certerline (uynning in the sane direction as the
channel pwidth-—frhat s, the certerline of the print pattern was positioned
m dway Het@Bén {he sqﬁm%ﬁ3apd dLaﬂdxé?QcPﬁp@@§.?leparation_of Transistors
exper | it s uSel “SIUTEN B o CrU Ve oI St ed | for 3 mi nues n a Pl asma
d eani ng Syst em OYBdglisolESeehODO o1 ¥¥ ehd/VERQI heering Systens, Inc.,
7 88/12 1.41x10™ cm*/V-s
anisole/decane
8 85/15 8.42x10~ cm®/V-s
anisole/decane
Example 9
In Example 9, a weighed mixture of 91 weight percent anisole and 9 weight
percent decane was combined with sufficient TIPS and sufficient PS2 by Composition
15 Preparation Method I to provide a composition containing 1.8 weight percent TIPS and
1.8 weight percent PS2. Transistors were prepared by depositing the composition onto
Substrate E in Print Pattern 3 using Semiconductor Deposition Method I. The channel
length was 30 micrometers. The average mobility was determined to be 4.67x107 cm?/V-
s by Mobility Value Test Method 1.
20

Examples 10-13
For each of Examples 10-13, compositions containing 1.8 weight percent TIPS and

0.9 weight percent PS were prepared by Composition Preparation Method I. Transistors
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Examples 14-16

For each of Examples 14-16, compositions containing 1.8 weight percent TIPS and

0.9 weight percent PS were prepared by Composition Preparation Method I. Transistors

were prepared by depositing the compositions onto Substrate E in Print Pattern 3 using

Semiconductor Deposition Method I. The solvent mixtures included in the compositions

are indicated in Table 4. The average mobility was determined by Mobility Value Test

Method I and the data are given in Table 4.

Table 4. Transistors of Examples 14-16.

Example Solvent Field effect mobility
)
14 97/3 5.58x10™ cm’/V-s
anisole/undecane
15 94/6 8.26x10™ cm’/V-s
anisole/undecane
16 91/9 anisole/decane 3.33x10” cm”/V-s
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function of gate-source voltage bias (VGS) from +10V to -40V at a constant
drai n-source voltage bias (VDS) of -40V. The saturation field effect

nmobi ity Wojzoesasieval cul at ed front he sl ope of the |inear Pporusz@n/oafs7t he pl ot
of the square root of IDS versus V GS using the equation IDS = mAC(VGS-V, )2
2L where Cis the specific capacitance of the gate dielectric, Wis the
channel width, and L is the channel |ength. For sone transistor sanples

pr epar ed l@@m@les%ésﬂad&@pamevg%enm@s%&rce bi as (VGS) was i ncrenented
e e LA B ptiSuiile -1 B s Fanfp SHERS e BB Mortlos il Sauar e

root of |IDS versus curv rapo a straight-line
fit was trakgiatash Mhmoamrmmﬂnq)avaivbmnﬁ)ws 8,4 Sbl%‘;'tﬂlrﬂlkmfe wid preparbd by DS
(using a | og-scal e g as a function of VGS afforded a curve where a st rai ght
line fit addsiedrRakh saY@H@eézf 6%%?%@3 P byuroleme ehetdereberzeng to arpal andver se
of the 5100606 LS, L0RNIAS: 4 18, AUBLDRESNGLAL 5L oG () vorThe gRkAT T ratio
was taken as & ?erenc etme e BY'R Cur rent

(1 DS) valdedscapt sblventlhiSture. VIS sGNEM&meﬁb iwlak then\i@bdie mhgisd co&dﬁiob@@né by The
average nobility of each sang@e was determ ned in air under anblent

li ghti ng CampRyittand repnintien Nekedd e Thp pelsert ppigpiresasod arcripdcKed thi e 5.

| nstrunme 160
sor i e proae LPEME P RKBEERS b ldne ARBARKIATS RS SURLIRRE Lo APareth,

(bot h aval hidyd @erﬁlrcomlﬁtcgrlmpemaoﬁZM@hod IGHot ®amphy) 1.7 éﬁheccﬂmmrmvte@@mpﬂ@e bi as
vol t age ( VDS was held at -40 V, while the gate to source bias (VGS) was

i nctenentet BEERNYHY ¢hanpd langth Wa% H0Q %rvnﬁtﬁrsmﬁ ok Egprapleiyeng femipseativsi | ity
val ue |s:§ghﬁ [

substrate H%§ﬁ: ﬁgéﬁﬁggagﬁghn %ﬂ?ﬁﬁs§¢n&%oﬁ%%@fé@%ﬂﬁ%g&%gﬁ%ﬁﬁyned
because dig deminumag bgi Mobidity ¥hinaestrMstlibd 1 and thoriptacire gioon @r Agee 6f t he
substrate. The percentage of substrate surface covered by dried

sem conduct or conposition was neasured by (i) taking three digital photos

of .hegs URBL A Pradlistdh St EBEMLS G2t QY ¢dRPR v BMidd 98 Usi ng phot o

editin

Example | Weight | Weight Solvent Field effect mobility
percent | percent (W
TIPS PS
17 1.8 0.9 91/9 1.50x107% cm?/V-s
anisole/decane
CE5 1.8 0 75/25 8.25x10° cm?*/V-s

chlorobenzene/dodecane

CE6 1.8 0.9 75/25 No transistor behavior
chlorobenzene/dodecane
18 1.8 0.9 91/9 4.08x107 cm’/V-s
anisole/decane
CE7 1.8 0 75/25 6.33x10™ cm’/V-s

chlorobenzene/dodecane

CE 8 1.8 0.9 75/25 1.74x10 ¢cm?/V-s

chlorobenzene/dodecane

15
Examples 19-22 and Comparative Examples 9-10

For each of Examples 19-22 and Comparative Examples 9-10, compositions were

prepared by Composition Preparation Method I. The compositions used in Examples 19-
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software (avail able under the trade designati on PHOTOSHOP CS3 from Adobe

Systens

I nc.,

San Jose,

CA) to identify and render areas of exposed
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(as- deposqntt%al)% subsi@tasay Prigt Ratisms Lipsiag Scwirparsgier l?ﬁmSﬁ@pd‘éﬁhydl Foke exanpl e,

i f t?e sq

coverage MBS

m crons.

the follow ng equation:

E6% BREAML f EREREIREMIRLE T

Qs | Gdnaad, Lhe oy | ace

iMfabkat urated field effect nobility (m was calculated fromthe
slope (nm) of the plot of the square root of drain current versus VGS using

where C is the specific capacitance of the gate
di el ect rilgblag.s Iahéls‘f@fsf@cﬁ&amlqsﬂﬁn%?eanwmwra@mﬁ?@mmest%éo channel

| engt h.

The nobit e cacn—sait bt |ty val ue observed
over thg ﬁ%ﬁﬁﬁ? of neggﬁrqhent ﬁﬁ%ﬁyftylﬁgp SECHILOONRE pha 111 Same met hod
as Mobi lfi-ty Test Method 1 ex = VGS) bi as was
i ncrenerted¥rom +5 V18 -40 \ i nA1 equalddklepa@edy-steps. In Tables 1 - 5
and 7 - |11, all |t igns listed in one table were inkjet printed
onto thg very sangﬁgﬁﬁggga%é slanpl e. That is, one conposition of the table
was not |i nkjet printedignto one smbst rat g @aMpf emdnds t hen anot her
conpositlion of the table inkjet printed onto another supstrate sanple of
the samg type ahd @usoieéesans ealt ment. In Tabl e 6, four slibstrates types are
| i sted. [Forsexanmptes that—tTstrthersare ty B ttate, the conpositions
wer e inHeﬂzkriwted o] E t he viery sane sgﬁgF}gfg ﬁ%le
anisole/decane
22 91/9 D 2.25x107 cm*/V-s
anisole/decane
CE9 anisole C 4.52x107 cm?/V-s
CE 10 anisole D 6.42x10™ cm”/V-s
10 Examples 23-27 and Comparative Example 11
For each of Examples 23-27 and Comparative Example 11, compositions
containing 1.8 weight percent TIPS and 0.9 weight percent PS were prepared by
Composition Preparation Method I. The solvent or solvent mixtures included in the
compositions are indicated in Table 7. Transistors were prepared comprising depositing
15 the compositions onto Substrate E in Print Pattern 3 using Semiconductor Deposition

Method I. The average mobility was determined by Mobility Value Test Method I and the

data are given in Table 7.
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di ctated gy Wte{éﬁﬁt b&%@l{tfﬁ%ék prepared by Composition Preparation Method 1. The solvent

mixtures included in the compositions are indicated in Table 8. Transistors were prepared

10

by depositing the compositions onto Substrate E in Print Pattern 3 using Semiconductor

Deposition Method 1. The average mobility was determined by Mobility Value Test

Method I and the data are given in Table 8.

Table 8. Transistors of Examples 28-33.

Example Solvent Field effect mobility
(W)
28 94/6 DMA/undecane |  1.21x10™ em’/V-s
29 91/9 DMA/undecane 5.95x10” cm*/V-s
30 88/12 5.51x10™ em’/V-s
DMA/undecane

31 97/3 DMA/dodecane |  2.14x107 cm®’/V-s
32 | 94/6 DMA/dodecane | 2.22x107 cm’/V-s
33 91/9 anisole/decane 1.65 x10™ cm®/V-s

-54-



tensi on between the conposition and substrate. The conposition again becane
pi nned at this new | ocation and nore crystals were grown. Thus, crystals
wer e depowoted/#ieg the initial perineter of the drop &oa/tsaoodviomsst t hat
represent the |ocations where the contact |ine becane pinned. Also, it is
possi bl e that sone of the Iines of crystals do not signify the |ocation of
the pinned contact line. But rather they were fornmed when a pi nned contact
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i nsufficient coverage of the substrate with TIPS crystals. The addition of
decane t dh¢ ﬁféV%ﬁ’bégi"@ﬂt@thuéesr}ﬁ‘évd@eméh@qqn@l?%m%léP@/%@W&ﬁ’é TableWent mi xture,
dranatic tric
o S IRN0RC e TR0, AL s TIES JEPShlSal IEMELSLT|
the enti reusingf $anieotdigtorBposicive Mxthdayl. tTe adenpe nlobilappasdstettiatd bhie
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subst r at é\/lﬁl?ﬂéltﬁYa]élP%Strl\é[ﬁh@@éla@%@e@ﬁﬁ’taﬁ%gwﬁﬁg}Eat& the conposition with the

substrate. The crystal s tended to grow al ong the substrate rather than away
fromthefg)lll) ? ; Tpe so have resulted in a
recircul a ARIptorsef Exgip

di t?ﬁ%&“% ?H% %m?ﬁ‘f??’&&}%%‘s ion as the sol vent

evapor at/etampk 5 Weghk gwc@ﬁtor wiikpvpdrgnt have gRlehi but ed t orjtlaeffcbPr ovied
nmor phol agy. ahpl es 2-4 and|Conpar ati ve |[Exanpl es 2-3 For each of Exanples
2-4 and Corrpara |ve Eid%ﬁrpl es|2- 3, Bonposiltions vere prepar eaotlityCgimposj ti on
Pr epar atfigavetod— Fransistorspereprepared by de S
conposi ti $tsdnt o subkfrate E in nt Patter A25%%si ng [S&M&d ARy
Deposi tijon ethpd T .1 ghe comcentrgion of TIPgysthe conceryygt lcglﬂ/\ng PS,
t he sol vents, apd rel ative afounts of the sol vents are jshown in Table [1.
The averlage nob|lity was detérnined by Mbidiisofe/dedane Test Met hod | and t he
PTER WP~ n n Tahkhl o0 1
data arg-gryen—ntebig—t 0.9 94/6 1.45x10° cm/V-s
anisole/decane
36 1.8 0.9 91/9 5.07x107 cm*/V-s
anisole/decane
37 1.8 0.9 85/15 1.12x107 cm*/V-s
anisole/decane
10
Examples 38-39 and Comparative Examples 13-14
For each of Examples 38-39 and Comparative Examples 13-14, compositions were
prepared by Composition Preparation Method I. The amount of TIPS, amount of PS, and
the solvent or solvent mixtures included in the compositions are shown in Table 10.
15 Transistors were prepared by depositing the compositions onto Substrate F in Print Pattern

2 using Semiconductor Deposition Method I. The average mobility was determined by

Mobility Value Test Method I and the data are given in Table 10.
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Table 1. Transistors of Exanples 2-4 and Conparative Exanpl es 2-3. Exanpl es
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For Examp

5

10

3.
le 40 an

Transi stors of Exanp 1 -
d Comparative Example 15, compositions containing 1.8 weight

| es 10-13. Exanp

and the data a
| es 14-

percent TIPS and 0.9 weight percent PS were prepared by Composition Preparation

Method II. The solvent or solvent mixture included in the compositions is indicated in

Table 11. Transistors were prepared by depositing the compositions onto Substrate I, all-

inkjet printed layered transistor structures on PEN film, using Semiconductor Deposition

Method II. The channel length was 150 micrometers. The average mobility was

determined by Mobility Value Test Method I and the data are given in Table 11.

Table 11. Transistors of Example 40 and Comparative Example 15.

Example

Solvent

(D)

Field effect mobility

CE 15

anisole

5.40x10” cm?/V-s

40

91/9

anisole/decane

221x107" cm?/V-s

15

Examples 41-45 and Comparative Example 16-18

For each of Examples 41-45 and Comparative Examples 16-18, compositions of

1.8 to 2.0 weight percent semiconductor were prepared by Composition Preparation

Method II. The solvent or solvent mixtures included in the compositions are indicated in

Table 12. Transistors were prepared by depositing the semiconductor compositions onto

Substrate G using the dip-coating as described in Semiconductor Deposition Method III.
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For each of Exanples 14-16, conpositions containing 1.8 weight percent TIPS

and 0.9 weight percent PS were prepared by Conposition Preparation Method I
Tr ansi swonrsovesigspr epared by depositing the conpositi ens/usaa/o&sbstrate E

in Print Pattern 3 using Sem conductor Deposition Method | . The sol vent

m xtures included in the conpositions are indicated in Table 4. The average

nobi lity was determ ned by Mbility Value Test Method | and the data are

gi ven i n TigtAverage mpiyite OﬁeaChrsam@Ieswﬁr@%m@déwwgblhmyme Heatdrthed 1l7- 18 and

Conpar at i [ ch of Exanple 17-18, the conpositions were

pr epar ed B \{18 @&{TP&% “56 rTgl{)laGrelgtl on Method I . For Conparative Exanple 5-8,
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parts by mAIUNE PhnGRbAFTIRAZBRE 4tlm53anﬁl@tlm®9ﬂlv%tﬂiaﬁip'[@ lebgs.contents to

forma 75 volune percent chlorobenzene and 25 vol une percent dodecane

sol vent nEXetmm!le Thi §el$1m0uémtttorm xtyre wa§0t\1¢eh used cﬁldraﬁf@:t@m’@;idsl(lu) bns by

CO”DOSitiG Prepgaration hot————the—solve Mt i-cat ed
in Tabl ¢ 5¢|E+Pan5| stors T@Se prepafed by a&é“ﬁt?m ting t 81“618H§&§Wt CBﬁts Nt o
Substrat[e Eg{n Rrint Patfpgn 3 USI g 9§>@rgn%[g;&g‘ctalqg PO 341, MeLhod

For Exanple 17 and Conparative Exanples 5-6, the transistor channel | aﬁgth
was 100 n‘i@Edﬁreters FapP-IHP&npl e 18 and G‘mnspw atl ve Exar@p]leSscn?z%‘&s t he

trans| stlet chan anath wac 20 m arc /oy ann L RVARV YA

T Gt \4I | Ty T VWS OU o oo T T T UL T YT 1TOoHr T

det erni rled By Mibi Ity VANEe Test m?h@oﬁmw%%?%% dat a a]réC@i‘(/\é‘;%yl FlmTabI e
5. Tabl § 5¢ ansi stors, anptes 17-1 | Comparati e W3

Exanpl es E(E)Egg and Corrpa(rﬁatlgce Exanpl es gm% i%For each of ]é<arm es 19-22 and
Conpar at|i ve4Exanpl es 9-AMIPSoNPOosi {i ONS amtyoke/dcepar Bd by, ©arpesVisi on

Preparat_j_g_n_lvgt od | _ The hnn‘nnclflnnc used in ':VantpLes_LQ_z%cgm_au hed
1.8 wei ght ﬁ‘ér cant TI PSEMBS0. 9 wei gﬁﬂ%?éﬂ&@é%ﬂecﬁl@l n 91/0908ing6Y s/ decane.

The conyostyion jused g grpcs™ant S5 pRiaiIEH: 21 0wy BTt peyrent 1 PS

and 1.0 |wei g ger cent ani solje ransi stors were prepar ed by
depositing the corrpositions onto the substrates in Print Pattern 1 using
Sem conductor Deposition Method I . The

Examples 46-50 and Comparative Example 19
For each of Examples 46-50 and Comparative Example CE 19, compositions
containing 1.8 weight percent TIPS and 0.9 weight percent PS were prepared by
Composition Preparation Method I. The solvent or solvent mixtures included in the
10 compositions are indicated in Table 13. Transistors were prepared comprising depositing
the compositions onto Substrate E in Print Pattern 3 using Semiconductor Deposition
Method I. The average mobility was determined by Mobility Value Test Method I and the

data are given in Table 13.

15 Table 13. Transistors of Examples 46-50 and Comparative Example 19.

Example Solvent Field effect mobility
(W

CE 19 nbb 5.70 x 10

46 91/9 nbb/decane 5.16x 10™

47 91/9 1.22x 107
nbb/undecane

48 94/6 1.15x 10
nbb/undecane
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average nobility was determ ned by Mbility Value Test Method I

and t he

data are given in Table 6. Table 6. Transistors of Exanples 19-22 and
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Deposi ti
Test Met

ho

A FPIEE S5 and KouaB0F £1R

Blpld 30

was determ ned by Mbility Val ue
ble 8. Table 8. Transi stors of

Exanpl es 28- 3Fdo¢achodfasxadhlS 5 1as3laddonmapahtiweExaipbe, shpkerweapkpalkd

Exanpl es 34-37 and Conparative Exanp

les 12,

co

nposi ti ons were prepared by

Conposi t i ripcegiizaccedingto msmi¢onduqtaeDapasifian Method Bd, Thasemicopducs,  and

the solv ] ] - ud i it in
o £ St PR e LA ISR, 5, RO RS SR 6N
Subst r at efAIP® iiPthicRbIvEat dystcth iddidstct ¢h Bebte ¢ONTHEbluBeROG Lici Repadat tod | .

The average nmobility was deternined by Mbility Value Test Method | and the

data are

Mobility Value Test Method I1I.

nyRasition Praparatian Method II. Mobility values wére calculated according to

10 Table 14. Transistors of Examples 51-53 and Comparative Example 20.
Example Solvent Field effect mobility ()
CE 20 100/0 nbb/decane 0.208 cm’/V-s
51 94/6 nbb/decane 0.306 cm*/V-s
52 91/9 nbb/decane 0.233 cm’/V-s
53 88/12 nbb/decane 0.257 cm*/V-sl5
Examples 54-56 and Comparative Example 21
For each of Examples 54-56 and Comparative Example 21, samples were prepared
20 by dip-coating according to Semiconductor Deposition Method III. The semiconductor
solution for each example and comparative example was a 1.8-2.0 weight percent solution
of TIPS in the solvent system shown in Table 15. These solutions were prepared by
Composition Preparation Method II. Mobility values were calculated according to
Mobility Value Test Method I11.
25
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Tabl e 9. Transistors of Exanples 34-37 and Conparative Exanples 12.

Exanpl es 38-39 and Conparative Exanples 13-14 For each of Exanples 38-39
and ConpawatbesglsEwanpl es 13-14, conpositions were prepaPel/usgoogonysosi tion
Preparation Method I . The amount of TIPS, anount of PS, and the solvent or
solvent m xtures included in the conpositions are shown in Table 10.

Transi stors were prepared by depositi n% the conpositions onto Substrate F

in Print T&la by nlmnygpispf Seamples ddcoomd beparsirativeExoehodl.-| . The average

mobi | it s_determned by Mobirtirty Yatue Test wethod | and the data are
given in %ﬁl’g%ql%elo. Tabi%é()l\i%].t Tr ans;i%?léregfégfm%%gtﬁgms 38-39 and Conparative
Exanpl es 138E24. [EXauR @bAfddasnghe Conpar@boyentyapl e |15 For Exanpl e 40 and
Conpar atlive EFxanple 15 conpositions containing 1.8 weight percent TIPS and

0.9 wei dht pér cdnt 9PSnblrdedgsrepar ed HY3@oemu¥is i on |Preparati on Method |1 .
The sol vent_pr——sotyeat-nixture+metudegd i i he—<conpositions is indicated in
Table 11, Transi st%ﬁgnwpgaeﬁf‘%%ar ed b@y%lje%s/ivﬁ ng tlhe conpositions onto
Subst r atle Tggal Tl Ry @I BIdJAEER! aYer eglidr @apsyysf or structures on PEN film
usi ng Sem conductor Deposition Method I1. The channel |ength was 150

m croneters. The average nobility was determ ned by Mbility Val ue Test

Met hod | and the _ﬁgga ar iven i Tablle 1. Table 11. Transistors of

Exanpl e ampleryfpd ARt GAMRAraLe Examp nmpl es 41-45 and Conparative
Exanpl e 16- 18 k., 8AGE QR o d'Gorftipardided | Qﬁ,‘s‘é&p%%&@é 4818,
conpositions of 1.8 to 2.0 wei ght percent sem conductor were pr pgred by
Conpdsi t iyndipreepargatccomingtbiteduddndudFhneDspdsitemt Meothod dllv &ht sermiconduesori ncl uded

in the conpositions are indicated in Table 12. T istors were epared by
deposi t i NETERE ieHE B SHATRE GPT CORRBENYS SHEPUAYES SliBer ) BeihEpeicrgblupbt

di p- coat idth-BIPY @Sk sBEEnt MixREALIEANIHCE M REPPRISE sQNHMRINGE phdphrclig aver age
nmobi lity of each sanple was determ ned by Mbility Value Test Method Il and
t he dat a GomepgiticarPreperdiadn Mcthad IITacealidhe uFedimsiash Gxgmplic aBd divpipesatdt- 45 and
Conpar at Ilivxearn%)l(ea \QJle gesca%g _l%l%bility values were calculated according to Mobility Value Test

10 Method I11.

Table 16. Transistors of Examples 57-59 and Comparative Example 22.

Example Solvent Field effect mobility ()
CE 22 100/0 nbb/decane 0.228 cm’/V-s
57 94/6 nbb/decane 0.225 cm®/V-s
58 91/9 nbb/decane 0.455 cm*/V-s
59 88/12 nbb/decane 0.140 cm*/V-s

Various modifications and alterations to this invention will become apparent to
15 those skilled in the art without departing from the scope and spirit of this invention. It
should be understood that his invention is not intended to be unduly limited by the
illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims set forth herein as follows.

20
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Exanpl es 46-50 and Conparative Exanple 19 For each of Exanples 46-50 and
Conparative Exanple CE 19, conpositions containing 1.8 weight percent TIPS
and 0.9 weDgbhw/sea78ent PS were prepared by Conposition Pcepsea@vioess7ivet hod |
The sol vent or solvent mxtures included in the conpositions are
indicated in Table 13. Transistors were prepared conprising depositing the
conpositions onto Substrate Ein Print Pattern 3 using Sem conduct or
Deposi t i oWhiEs Blgemed is: The average mobility was determned by Mbility Val ue
Test Method | and the data are given in Table 13. Table 13. Transistors of
Exanpl es 46-50 and Conparative Exanple 19. Exanpl es 51-53 and Conparative
Exanpl e 20 ForA ea@fosifioxdifisag: 51- 53 and Conparative Exanple 20, sanples
were prepared by dip-coating according to Sem conduct or Deposition Method
I11. The seni cdonduck SVeabMFIEFOPYYiSEEch exanpl e and conparative exanpl e
was 1.8-2.0 weig perce L Ut | PS.1n t vV, e
indi%éted in Tableqi4. fﬁé@%mégﬁﬂ%?§ﬁgq&é%@ogﬁgﬁﬁﬂgg“%gh%%ﬁ%%§¥¢%5%1
Preparati on Met hod rhhge dfblbiol 20tweiylel peasniedsed omhb ewdigit ©f thrcobidi miktire;
Mobility Value Test Method I11. Table 14. Transistors of Exanples 51-53 and
Conparative ExanplémQO. Exanpl es 54-56 and Conparative Exanple 21 For each

of Exanples 54-56 g g E%ggﬁé@ﬁ&y§ﬁ§¥%58th&%mP?gﬂples wer e prepared by

di p-coati ng accordi em con posi Met hod I11. The

sem conductor solution for each exanple a (oar ative exanple was a
1.8-2.0 wei ght percent solution of TI i sol vent system shown in
Tabl e 15. These solutions were prepared b nposition Preparation Method

I1. Mbility values were cal cul ated according to Mobility Val ue Test Method
I1110rabl e 15. Transistors of Exanpl es 54-5@Dand Conparative Exanple 21.
Exampl es 57-59 and Cbnggrative a

e 22.For each of Exampl es 57-59 and
Conpar at i ve Branpl PSR AR LA EepeE P Cly SR perctBisET of (5
weight of the solvent mixture, wherein
R® is an alkyl, heteroalkyl, alkoxy, heteroalkoxy, or a fused 5 to 6
member ring;
15 cach R is independently selected from an alkyl, an alkoxy, or a
halo;
n is an integer in the range of 0 to 5; and

b) an organic semiconductor material dissolved in the solvent mixture in an

amount equal to at least 0.1 weight percent based on a total weight of the

20 composition.
2. The composition of claim 1, wherein R* is an alkoxy group having 1 to 10 carbon
atoms.

25 3. The composition of claim 1 or 2, wherein the aromatic compound of Formula (I)

comprises anisole, 2-methylanisole, 3-methylanisole, 4-methylanisole, 2,3-
dimethylanisole, 2,4-dimethylanisole, 2,5-dimethylanisole, 2,6-dimethylanisole, 3,4-
dimethylanisole, 3,5-dimethylanisole, 2-chloroanisole, 3-chloroanisole, 4-chloroanisole,
1,2-dimethoxybenzene, or a mixture thereof.

30
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by di p-coating according to Sem conductor Deposition Method I11. The

sem conduct or solution for each exanple and conparative exanple was a
1.8-2.0 weoghty/psea78ent sol ution of A-DIPS in the sol venPCriUS2amw@®435MOWN 1N
Tabl e 16. These sol utions were prepared by Conposition Preparation Method
1. The al kane used in each Exanpl e and Conparative Exanpl e was decane.
Mobility val ues were cal cul ated according to Mbility Value Test Method

111. Tabl%e 16.Thereampiosition of ety eneaofisiladgs § 7o Sowhergindberpnstic vemputidle 22.
Var 0 ot Lons. " . | I b
var ! ous, A LGELCAIT PO L SLRIR RIS JINEPL bR T becore

spirit of this invention. It should be understood that his invention is not
intended to be unduly |limted by the illustrative enbodi nents and exanpl es
set fortB-her el @rpOsIHaR o glaim ix‘é(h?ﬁ]é‘sR dndn alyblavivit o H earpereatemised by
way of exanple only with the scope of the invention intended to be limted
only by the clains set forth herein as follows.Wat is clained is: 1. A
conposi ticn corferdogipadgitioAbf alaivll\ve 5] whtsinithe a®ampicicempgund offformukae havi ng
6 to 16 carbon atons _present in an anmount in a range of 1 to 20 wei ght

per cent BREBHisSeN-Ruilicgrincotect gy lBizovh termbyiylhcazengnigopytylbgpzeae.omat i ¢

conpound : (| | I . of 80 to 99

wei ght pelg(%)éé;@n@agsega’ AO%YOED Webe%eei%gﬁ? épg?&lﬁéehzglg%)@{elﬁlteh%i ﬁlte%l?}g%\’/\her ein Ra is an
al kyl, heattesgdtdoyphthalkkgxy a nfitues hatdobxy, or a fused 5 to 6 nmenber ring;
eacﬂ)Rb i s independently selected froman al kyl, an al koxy, or a

7. The composition of claim 1, wherein the aromatic compound of Formula (1)

comprises n-butylbenzene, anisole, 3,5-dimethylanisole, or a mixture thereof.

8. The composition of any one of claims 1 to 7, wherein the alkane has 9 to 13 carbon
15 atoms.
9. The composition of any one of claims 1 to 8, wherein the alkane comprises decane,

undecane, dodecane or a mixture thereof.

20 10. The composition of any one of claims 1 to 9, wherein the solvent mixture
comprises 88 to 99 weight percent aromatic compound of Formula (I) and 1 to 12 weight

percent alkane.

11. A composition comprising:
25 a) a solvent mixture comprising
1) an alkane having 6 to 16 carbon atoms present in an amount in a

range of 1 to 20 weight percent based on a weight of the solvent mixture;

and
i1) an aromatic compound of Formula (1)
-
R
30
)
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halo; nis an integer in the range of 0 to 5; and b) an organic

sem conductor material dissolved in the solvent mxture in an anount equal
to at | eaw0 2009115m8ght percent based on a total wei ght @CTiUuse0000#§s06iti on
2. The conposition of claim1, wherein Ra is an al koxy group having 1 to 10
carbon atonms. 3. The conposition of clain11 or 2, wherein the aromatic
conmpound of Forrula (I) conprises anisole nethylanlsole

3- et hyl ani sol e, 4mé%ten§/1ma@ﬁ|a§muet inz @ng@@mw9mlghﬂmrcent based on the

2, 4- dlnethylanlsol di ret hyl ani sol e, 3, 4-
dlnethylanlsole méﬁOFﬁH euus t&% %hﬁ%oroanlsole 3-chl or oani sol e,

4- chl or oani sol e, 1 2-di m@@%ymnh@ﬂ&ﬁ)alm AkdRyX hete@alkoey enfa. fdsed B 6
conposition of any one of clains 1 to 3, wherein the aronmatic conmpound of
Forrmula (1) conpr|§€§n@ﬁﬂ§65e 3, 5-di net hyl ani sol e, or a m xture thereof.

5. The conposition of cl Vj fo car bon
atoﬁg 6. The conp05|t|o% 0 c aln#%k@mﬁ?yhétgfgﬁﬁ %hgggﬁﬂﬂgyigicgﬁgound of
Formula (1) conprises n-bigtylifteprenehe ragg- &t tplhendzene, te/t-butyl benzene,
|sobutylbenzene i sopropyl tol uene, n-propyl benzene, |sopropylbenzene
(cunene), nesik)\nenganig @[fm%mdélﬁf@ﬁa}ﬁfﬁrﬁbﬂlé%Veddﬁ the yalyant puxtuiedpasf . 7. The
conmposi ti I I I

compr; sec o it eqepldtdeos OF utidhy pBR IR Iy KRIRAUBH Pind iRl ok the

t her eof . dganlbecntiosmivsior being @f Fanyulag) of clalns 1to 7, mhereln the al kane
has 9 to 13 carbon atons. 9. The conposition of any one of clains 1 to 8,
wherein the al kane conprises decane, umdecane, dodecane or a m xture
thereof. 10. The conposition of any ong,of clains 1 to 9, wherein the
solvent m xture |

10

wherein,
each R® is independently selected from an unsubstituted or substituted alkyl, an
unsubstituted or substituted heteroalkyl, an unsubstituted or substituted alkenyl, an
15 unsubstituted or substituted aryl, an unsubstituted or substituted heteroaryl, a ferrocenyl,
or a silyl group of formula -Si(R%)3;
cach Ris independently selected from hydrogen, an unsubstituted or substituted
alkyl, an unsubstituted or substituted heteroalkyl, an unsubstituted or substituted alkenyl,
an unsubstituted or substituted alkynyl, a substituted or unsubstituted aryl, an
20 unsubstituted or substituted heteroaryl, or acetyl;
cach X is independently selected from hydrogen, halo, alkyl, alkoxy, aryl,
heteroaryl, alkenyl, cyano, or heteroalkyl;
wherein a substituted alkyl or substituted heteroalkyl is substituted with at least
one aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl group; and
25 wherein a substituted alkenyl or substituted alkynyl is substituted with at least one
alkoxy, aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl group; and

-62-



conprises 88 to 99 wei ght percent aromatic conpound of Fornula (1) and 1 to
12 wei ght percent al kane. 11. A conposition conprising: a) a sol vent

m xt ure cwopRpesisngysi ) an al kane having 6 to 16 carbon aPOFRISPESHEIFT1i N an
anount in a range of 1 to 20 wei ght percent based on a weight of the
solvent m xture; and ii) an aromatic conpound of Forrmula (1) (I)present in

an anmount in a range of 80 to 99 wei ght percent based on the weight of the
sol vent i xt urghergip@rsebsiitigd peyl QhS%SRWed hesaredrghis IW‘PSUU&P@W%P at lpasteamgal koxy,
or a fuse [ e I d from an
ot ar sy R BERRROA Ay SREE, Tl By bRAFRESHER B R THTE T L00 5] an
organi c senlconductor mat eri al dlssolved in the solvent m xt ure |n an
anount equal to at |east O. ht percent based on a total weight of the
conposi tilgn, tHe C@ﬂg)@ﬁnﬂ@n9@%@%rlagmh%emﬂ%|lmjlec§flytgfpmp%foqmu§awﬁh(&b; n, each
Rc is independently selected froman unsubstituted or substituted aIkyI, an
unsubstituted or substituted heteroal kyl, an unsubstituted or substituted
al kenyl, 3n un%d%drhpasﬁt&dl cﬁTclasmblsltdrtlat etlc@inythe offanicnstiixsdnidlictbed selected
substituted heteroar a ferrocen or a silyl group of fornula -Si (Rd)3;
each Rd ﬁ?ﬂnﬁ&éﬁ@ﬁ@%ﬁéﬁEPU?@F%EY%H”%@Oﬁ]hydrogen, an unsubstituted or
substituted al kyl, an unsubstituted or substituted heteroal kyl, an
unsubstituted or substituted al kenyl, an unsubstituted or substituted

al kynyl, a substituted 0h\$psubstituted aryl, an Q\r/

10 (IV) V)

VR [ VR [
OCOCC, oo
X Z X X Z X

§ fl § fl ”

>:1< >—S|—/=
(VD (VID)
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unsubstituted or substituted heteroaryl, or acetyl; each X is independently
sel ected from hydrogen, hal o, alkyl, al koxy, aryl, heteroaryl, alkenyl,
cyano, orwbererisaRyl; wherein a substituted al kyl or swboSttistemsdss71

het eroal kyl is substituted with at | east one aryl, heteroaryl, halo, cyano,
hydr oxyl, or carboxyl group; and wherein a substituted al kenyl or
substituted al kynyl is substituted with at | east one al koxy, aryl,

het eroaryl, halo, cy , hydroxyl, or carboxyl group; a erein a
substituted aryl stbstituted heteroaryl is substityted w at | east one
al kyl, al koxy, hegérﬁlrﬁin, al koxy, hal o, cyano, hydr TRXSeH, or

carboxyl group. 12. The conposition of claim1l, wherein|Rc 1s the silyl
group of formyl a -Sid“ d)3. 33. The conposition gf claimill or 32, wherein

< o

t he organgg sdm condu¢tor is |sel ected from a congound of to
(X). (M 11) ' ‘ position of a

wherein the f Formula (1) cg

3, 5-di net ) ¢ i énzehe, or a m kkane
conpri ses decane, : dodecane, or a m xtuk

conposition o 3
conprises 88 to 9% weight,percent aromatic conpound For (1) and 1to
12 wei ght percent%}tk'ﬁé(lG. A nmet hod of nmaking a se%éco'dg§$g} devi ce, the
met hod conprising proixi ding a conmposition conprising a) sol vent m xture

conprising i) an al kane having 6 to 16 carbon atons preSent in an anount in

a range of 1 to 20 meiggk,ﬁgrcent based on a wei ght oflkye sol vent m xture;
and ii) an aromatic co d of Formula (1) (1) (

>—s—"
A

S X)

14.  The composition of any one of claims 11 to 13, wherein the aromatic compound of
Formula (I) comprises anisole, 3,5-dimethylanisole, n-butylbenzene, or a mixture thereof
and the alkane comprises decane, undecane, dodecane, or a mixture thereof.

10
15. The composition of any one of claims 11 to 14, wherein the solvent mixture
comprises 88 to 99 weight percent aromatic compound of Formula (I) and 1 to 12 weight

percent alkane.
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present in an anmount in a range of 80 to 99 wei ght percent based on the

wei ght of the solvent m xture, wherein Ra is an al kyl, heteroal kyl, al koxy,
het er oal kweyoosrs1gsf used 5 to 6 nmenber ring; each Rb i sPCHASpe@adessri y
selected froman al kyl, al koxy, or a halo; nis an integer in the range of
0 to 5; and b) an organic sem conductor material dissolved in the sol vent
m xture in an anount equal to at |east 0.1 weight percent based on a tota

wei ght ofl6 he fé@wﬁmqfﬂmkmgj@@ﬁﬁ@p@ndﬁlgwId@Vl@@ﬁlp%@Pithpéﬁomﬁfla@gnt to a
conductive mat r t ielectric material to forma
deposited | ay gswalé%(x%gtgﬁgﬂ 9&$g§§ 80 wei ght percent of the sol vent
m xture fromthe deposi ta&ﬂ)l\le@yﬁlﬁxth& doaripiistagsen conductor |ayer.17. The
nmet hod of claim 16, wherein the organic sem conductor is of Formula gll)
wherein, each Rc is i nddpenderitalkansdpeiag ddoflpsaiban atpmaustont i a@cnggun
subs |tuted al kyl , t Qr real
unsubstituted or ﬁ %#%%R tbbg%%g pg%%ﬁﬁ%ﬁ%P@?? é%ﬁopﬁl% é??tuted aryl,
an unsubstituted onnﬁﬂbsumhuted heteroaryl a ferrocenyl or a silyl group
of formula -Si(Rd)3; each Rd is |ndependently sel ected fron1hydrogen an
unsubstituted or substitilt ed aagmatisorapesndof Feumda(dr substit ut ed

het eroal kyl, an unsubstituted or substltuted a{ enyl, an unsubstituted or
substituted al kynyl, a substituted or Ured aryl, an unsubstituted

or substituted heteroaryl, or acetyl; eac s independently selected from
hydr ogen, hal o, al kyl, al koxy, aryl, heteroaryl, alkenyl, cyano, or
het er oal kyl ; @)

10 present in an amount in a range of 80 to 99 weight percent based on the

weight of the solvent mixture, wherein
R® is an alkyl, heteroalkyl, alkoxy, heteroalkoxy, or a fused
5 to 6 member ring;
cach R is independently selected from an alkyl, alkoxy, or
15 a halo;
n is an integer in the range of 0 to 5; and
b) an organic semiconductor material dissolved in the solvent mixture
in an amount equal to at least 0.1 weight percent based on a total weight of the
composition;
20 depositing the composition adjacent to a conductive material or adjacent to a
dielectric material to form a deposited layer; and
removing at least 80 weight percent of the solvent mixture from the deposited layer

to form a semiconductor layer.
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wherein a substituted al kyl or substituted heteroal kyl is substituted with

at | east

and wher ewo 200915781 t ut ed al kenyl

with at |
car boxyl

hydr oxyl ,

is asilyl group of fornmula -Si (Rd) 3.
16 to 18, wherein the aromatic conpound of Fornmula (1) conprises anisole,
3, 5-di net hyl ani sol e, n-butyl benzene, o
conpri ses decane, undecane, dodecane,

of any one of clains 16 to 19, '
99 wei ght percent aromatic cOyfpo 9
percent al kane. 21. The net hgg

one aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl group;
or substituted al kynylPCirassgesosuisvut ed

east one al koxy, aryl, heteroaryl, halo, cyano, hydroxyl, or

group; and wherein a substituted aryl or substituted heteroaryl
substituted with at | east one al kyl, heteroal kyl, al koxy, halo, cyano,

17. se hegnethed plostyim b ohsrein gie orgeniprperhisendyctas [igefformulafhbr ei n Re
9. The nethod of any one of clains

and 1to 12 wei ght

sol vent mi xture conprises alisofe and B, 5-xi met hyl ani sol e and
dodecane, or n-butlybenzene andxundeca|F. X

RC

ey

10

15

20

25

wherein,

each R® is independently selected from an unsubstituted or substituted alkyl, an
unsubstituted or substituted heteroalkyl, an unsubstituted or substituted alkenyl, an
unsubstituted or substituted aryl, an unsubstituted or substituted heteroaryl, a ferrocenyl,
or a silyl group of formula -Si(R%)s;

cach Ris independently selected from hydrogen, an unsubstituted or substituted
alkyl, an unsubstituted or substituted heteroalkyl, an unsubstituted or substituted alkenyl,
an unsubstituted or substituted alkynyl, a substituted or unsubstituted aryl, an
unsubstituted or substituted heteroaryl, or acetyl;

cach X is independently selected from hydrogen, halo, alkyl, alkoxy, aryl,
heteroaryl, alkenyl, cyano, or heteroalkyl;

wherein a substituted alkyl or substituted heteroalkyl is substituted with at least
one aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl group; and

wherein a substituted alkenyl or substituted alkynyl is substituted with at least one
alkoxy, aryl, heteroaryl, halo, cyano, hydroxyl, or carboxyl group; and

wherein a substituted aryl or substituted heteroaryl is substituted with at least one

alkyl, heteroalkyl, alkoxy, halo, cyano, hydroxyl, -SeH, or carboxyl group.
18. The method of claim 17, wherein R® is a silyl group of formula -Si(Rd)g.

19.  The method of any one of claims 16 to 18, wherein the aromatic compound of
Formula (I) comprises anisole, 3,5-dimethylanisole, n-butylbenzene, or a mixture thereof

and the alkane comprises decane, undecane, dodecane, or a mixture thereof.
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20.  The method of any one of claims 16 to 19, wherein the solvent mixture comprises
88 to 99 weight percent aromatic compound of Formula (I) and 1 to 12 weight percent

alkane.

21.  The method of any one of claims 16 to 20, wherein the solvent mixture comprises

anisole and decane, 3,5-dimethylanisole and dodecane, or n-butlybenzene and undecane.
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